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If You Knew How Good This 
Baker Cable Tool Core Barrel 
Is—The Cores It Secures~The 
Service It Gives™s 


If every Geologist, Operator, and Driller fully 
understood and appreciated the unusual merits of 
the Baker Cable Tool Core Barrel, the taking of 
dependable cores would be a whole lot easier and 


more certain than it is. 


This Baker Cable Tool Core Barrel has a habit of 
bringing up a maximum length of perfect, uncon- 
taminated core that is the delight of those who use 
it. And, because of this ability, those who use it 
once become confirmed in its use. 


In the Bradford, Pennsylvania, area, for instance, 


the Baker Cable Tool Core Barrel has made coring 
history and is used almost to the exclusion of any 
other barrel. 


In the far-away places of the world — the outposts 
— where a core barrel must give reliable, uninter- 
rupted service, the Baker Cable Tool Core Barrel is 
the favorite. 


You owe it to yourself to know how and why the 


Baker Cable Tool Core Barrel is your one best bet 
for coring. Write for complete data to-day. 


Mid- i 

Export Sales Office: B ER. id-Continent Branches; 

Room 736, 25 Broadway, 2301 Commerce St. 


220 E. Brady St. 
Stocks of Baker Tools and Main Office and Factory Tulsa, Okla. 
Equipment are carried by Box L, HUNTINGTON PARK, CAL. 


Dealers in all active fields 


Full Stocks and Immediate 
California Branches Service are always available 
Coalinga Taft Bakersfield Santa Barbara 


Be sure to mention the BULLETIN when writing to advertisers 
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Home Office and Manufacturing Plant of the Reed Roller Bit Company, Houston, Texas. 
Branch Service Plants and Stores are maintained in2Los Angeles, California; Oklahoma 
City, Oklahoma; Lake Charles, Louisiana; Hobbs, New Mexico; Beeville and Luling, 
Texas. Export Office is at 150 Broadway, New York. 


Steel .. . in billets and bars... by train and 
ship load ... forgings ... castings .. . car upon 
car...turret lathes... millers... automatics § 
-hammers...cranes...electricfurnaces... | 4 
precision tools . . . These are some of the 
things . . . that place Reed Roller Bit Company [iim ie 
.in the front ranks. . . of all southwestern 
| industrial activity .. . Above and beyond... [aa 
any or all of these... though... a personnel ‘ 
_an official family ...a directorate... build- 
ing on a strong ... deeply intrenched ... foun- 
dation idea... of more effective tools...for 
the industry which it seeks to serve... the | ; 
| f': drilling and production of petroleum...... | 


REED ROLLER BIT 


HOUSTON, TEXAS ~--++ LOS ANGELES, CALIFORNIA 
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PREFERENCE 


HE knows he can 
~BECAUS always depend on 
Elliott Core Drills to recover long, uncon- 


taminated, fully informative cores of each 
formation in its correct relative position. 


In every type of formation—drilling from 
softest sand to the hardest limestone— 
Elliott Core Drills never fail to give 
satisfaction—they have recovered 
cores under every conceivable con- 
dition and at all depths—down 
to more than 8,000 feet. 


Detailed information and performance 
records will be sent on request. 


. \ CORE DRILLING COMPANY 


4731 East 52 ~ Drive 
LOS ANGELES, CALIFORNIA. 


EXPORT OFFICE: 
< 150 Broadway, New York 
The Elliott Cable Tool Distributed exclusively in the United States east of the Rocky 
Core Drill Mountains, by HINDERLITER TOOL CO., Tulsa, Okla. 


Em LI OT T 
ore Drills 


Be sure to mention the BuLtetin when writing to advertisers 
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SYFO CLINOQGRAPH ----- 


A device for the daily recording of vertical 
deviation in drilling. Permanent Records » » 
Quickly Made » » No Danger » » Inexpensive 
» » Direct and Accurate. 


a that careful drilling can obviate much of the deviation 
from the vertical in drilling, has caused several devices to come on the 
market to guard the driller against getting off the vertical. Most common of 
these devices is the Acid Bottle — dangerous to handle, slow and rather unsatis- 
factory in result. Other devices have followed, but not until the Sperry-Sun 
Well Surveying Company perfected the SYFO Clinograph can the problem be 
said to have been solved in a way to satisfy the driller and producer. 

The operation of the SYFO is simple, the results obtained of great accuracy 
and can be read directly without computations. Being on paper, these records 
can be filed for reference. A SYFO test is quick and the service most reason- 
able in cost. 

The SYFO Clinograph represents a radical improvement in the design and 
method of operation of inclination measuring instruments. Its advantages 
may be summarized as follows: It affords a direct and accurate record. The 
record is easily obtained without the use of dangerous acids. The test is quickly 
made. The record is on paper and can be filed for reference. Ruggedly built 
and will operate without decrease in efficiency. Operates on wire line running 
through the drill stem, or on sand or bailing line in open hole, or can be dropped 
into the hole by the “Go-Devil” method prior to pulling out the drill stem. 


| 


co. DATE...>.~_/7 
LOCATION 


The SYFO Clinograph is 


Many operators are writ- not sold, but leased at 


Tulsa, Oklahoma: 
402 Petroleum Building 


ing into their drilling con- 
tracts fixed limits from the 
vertical before accepting 
the completed well from 
the contractor. Record 
sheets from SYFO Clino- 
graph tests should be used 
as evidence. 


nominal rates. Being made 
in different sizes for differ- 
ent depths, it is necessary 
for the drilling company 
to advise the conditions 
under which the survey- 
ing will be done before 
quotation can be 


SPERRY-SUN WELL SURVEYING CO. 
PHILADELPHIA 


Dallas, Texas: 1504 First National Bank Building 


Houston, Texas: 
1420 Esperson Building 
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Askania 


Small Torsion Balances 


UR TORSION BALANCES of the 

Schweydar type (40 minute in- 
tervals of observation) were the first 
small commercial instruments with 
automatic photographic recording 
to be successfully applied in the 
United States under difficult field 
conditions more than four years 
ago. They are coming more and 
more to the forefront due to their: 


1. Short period of observation 


2. Economic and reliable operation 
A 


Ask for further details on Askania geo- 
physical instruments and apparatus. 


Small Torsion Balance, 
Schweydar Model 


American Askania 


Corporation 


@ 622-624 Marine Bank Building 


Houston, Texas 


Be sure to mention the BULLETIN when writing to advertisers 
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Diamond drilling, properly handled, is ex- 
tremely profitable. On the other hand, 
the cost is sometimes prohibitive. J¢ all 
depends on the quality of the Carbon used. 


After nearly half a century of successful 
experience in this field, this Company 
recommends first-grade Carbon for all kinds 
of diamond drilling. First-grade Carbon 
shows little or no wear in soft measures. 
It is indispensable in hard formations. Jt 
is always most economical. 


The chief problem, then, is—how to be 
sure of getting first-grade Carbon. The 
answer is—D.D.C.CO. TESTED CAR- 
BON. 


Every TESTED CARBON is, as nearly 
as human skill can determine, a perfect 
stone—carefully selected for hardness, 
toughness, and structure. Each stone is 
rounded to remove sharp corners and edges. 


Executive Office, 62 Park Row, New York 


Diamond Dri]] Cores 
Tell the Story 


This entirely eliminates the major cause 
of diamond losses. There are no projec- 
tions on TESTED CARBONS to break 
off and fall in the hole and thus break up 
or grind away the other stones in the 
cutting crown. Rounded stones also save 
setter’s time. 

TESTED CARBONS are guaranteed, 
unconditionally, to give you satisfactory 
service. You are the sole judge. You can 
have your money back in full, or replace- 
ment of stones that are not satisfactory to 
you, on request. 


Booklet and complete information about 
D.D.C.CO. TESTED CARBON, on re- 
quest. Jt will pay you to investigate. To 
responsible operators, we will gladly send 
assortments of carbons for examination and 
selection. You incur no obligation, ex- 
pense, or risk, as all Diamonds are insured 
by us while in transit both ways. 


You can always depend on D.D.C.Co. CARBON 


‘THE DIAMOND DRILL CARBON CO. 


Telegraph Address, CREDOTAN, New York 


Be sure to mention the BULLETIN when writing to advertisers 
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AERIAL SURVEYS, INC. 


(Division of FAIRCHILD AVIATION CORP., New York) 


FAIRCHILD offers the Petroleum Geologist and associated engineering 
groups expert service in economically producing: 


l AERIAL PHOTOGRAPHIC RECONNAISSANCE STUDIES AND 
COMPLETE MAP ASSEMBLIES FOR: 


The study of general or regional surface geology and drainage. 

The examination of variations in surface topography through the stereo- 
scopic study of properly indexed sets of overlapping photographic prints. 

The economic location of pipe lines and other extensive development or 
construction. 


2 OBLIQUE AERIAL PHOTOGRAPHIC VIEWS: 


For detailed perspective record of small selected areas and operating prop- 
erties or the general visualization of extended territory. 
3 AIRPLANE TRANSPORTATION AND SPECIAL FLIGHTS 
USING: 
Fairchild Cabin Monoplanes flown by experienced transport pilots partic- 
ularly trained to aid the client in securing the best results from his observation, 
reconnaissance, or photographic assignment. 


4 SELECTED AREAS MAPPED FOR GENERAL DISTRIBUTION: 

Stock aerial photographic maps of interesting sections in the vicinity of 
the Corsicana - Luling, Texas, Fault Area. Also Van, Texas, and other 
promising producing centers in East and West Texas. 


OUR SEVERAL BRANCH OFFICES AND COMPLETE LABORATORIES 
| ASSURE YOU A CLOSE COOPERATION AND ADEQUATE SERVICE. 


| 
| 


FAIRCHILD AERIAL SURVEYS, INC. 
] 270 W. 38th St., New York City 


BRANCH OFFICES AT: 2102 N. Harwood St., Dallas, Tex. -:- 224 E. r1th St., Los 
| Angeles, Calif. -:- McCormick Bldg., Chicago, Ill. -:- Metropolitan Bldg., Boston, Mass. 


Be sure to mention the BULLETIN when writing to advertisers 
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Here’s an Ideal Drilling 
Outfit for quick moving 
and easy set-ups 


Tue Longyear 2N Gas Drill Longyear 2N Gas 


mounted on a steel truck has 
proven to be ideally adapted for 
core drilling oil structures where 
changes in location must be quick- 
ly made and laborious set-ups 
avoided. The machine is a com- 
plete drilling unit with nothing to 
be disconnected when moving, 
and has a capacity of 2,000 feet of 
1%-inch core, or 1,000 feet of 
2%-inch core. 
The drill is equipped with either 
12-in. or 24-in. hydraulic swivel 
head. An additional brake in- 
stalled on the motor end of the 
drill shaft prevents accidental 
dropping of the drill rods. As the 
brake and drill clutch are con- 
trolled by the same lever, the 
brake is applied simultaneously 
with the release of the clutch, an 
obvious advantage when hoisting 
a heavy string of rods or casing. Motive power is furnished by a 30 h. p. gas engine 
complete with clutch and three-speed transmission, cooling radiator, fan, fuel tank 
— sensitive control throttling governor which automatically increases the power un- 
er load. 
The machine is equipped with a telescopic shaft so that the drill can be moved back 
from the drill hole when hoisting rods. A flexible coupling on the 
shaft takes care of any variation in the alignment of the drill and 
motor, thus relieving the bearings of all undue wear. 
Proper drill speed is obtained through two machine-cut gears. All 
controls are within easy reach of the operator. A spool hoist driven 
by the main drill shaft is useful in sinking standpipe or surface 
conductor. 
An adequate chain-driven pump, which can be operated independ- 
ently of the drill, is mounted with the unit. 
The sturdy truck is made of steel with wide-rimmed steel wheels 
and can be equipped with caterpillar tread for heavy ground, but is 
not automotive. 
Our bulletin No. 18 will be mailed you upon request. Address E. J. 
Longyear Company, Minneapolis, Minnesota, or our Mid-Continent 
branch at Ponca City, Oklahoma. 


INTERNATIONAL 
"9ETROLEUM 


J. LONGYEAR COMPANY 
MINNEAPOLIS, MINNESOTA 


Jongyear, 
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LEITZ 
ORE MICROSCOPE “MOP” 


for the examination of 


POLISHED SURFACES OF OPAQUE MINERALS 
under Reflected Polarized Light 


The Microscope “MOP,” which has been designed 
in collaboration with Professor Schneiderhoehn, is prim- 
arily intended for the examination of raw ores having one 
surface ground plane and polished; it is, however, available 
for every kind of petrological and metallographic work, being 
adapted for investigations by transmitted as well as reflected 
light, and both modes admit of the use of polarized light. 


Write for Pamphlet No. 2267(V) 


E. LEITZ, Inc. 


60 EAST 10th ST. NEW YORK 


BRANCHES; 
Washington, D. C. 
Chicago, Iinois 


Los Angeles, Calif. (Spindler & Sauppé, 811 West 7th St.) 
San Francisco, Calif. (Spindler & Sauppé, 86 Third St.) 


PATRICK 


CARBON 


FOR DIAMOND CORE DRILLING 


CLOSE contact with the diamond drilling 

operations of many companies all over the 
world makes it possible for Patrick to grade 
on the practical basis of drilling value. Hence 
Patrick Carbon is economical and dependable. 
That is why it is preferred by experienced 
drillers everywhere. 


A new edition of **Patrick Carbon,” an autl.ori- 
tative discussion of the Diamond Core Drill 
and Black Diamonds, is just off the press. 
Send for a copy today—there is no obligation, 


R.S.PATRICK 


SELLWOOD BUILDING 
DULUTH, MINNESOTA,U.S.A. 


CABLE ADDRESS “EXPLORING DULUTH 
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REVIEW OF GEOPHYSICAL PROSPECTING FOR PETROLEUM, 
1929: 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


The campaign of geophysical exploration continued without abatement in the 
Gulf Coast region during 1929. Thirty-five prospective salt domes were discovered 
during the year. Six commercial oil fields were discovered in the Gulf Coast region and 
one, Van, in northeast Texas, on geophysically discovered salt domes or structure. 
The torsion balance was restored to favor for reconnaissance for (deep) salt domes, 
and by the end of the year, about eighty torsion balances were working in the Gulf 
Coast region. In the United States, outside of the Gulf Coast salt-dome area, the 
seismic torsion-balance methods, to a less extent the magnetometer, and to a very 
much less extent the electric method, continued in moderate or sporadic use in Texas, 
Louisiana, Mississippi, Arkansas, Oklahoma, Kansas, Colorado, New Mexico, Cal- 
ifornia, and Michigan. In foreign countries, considerable use of geophysical methods 
continued in Mexico, Venezuela, and Roumania, and there was some use of them in 
many other countries. 


Opinion among geologists is divided in regard to the value of geo- 
physics in the non-salt-dome areas. All of the four main methods have 
demonstrated some ability to map structure, but each is being charged 
with many seeming failures. The evaluation of the true significance of 
these failures and of the final places of the several geophysical methods 
will not be possible until more geologic data are available. As develop- 
ment of the use of geophysics in the Gulf Coast region has reached a 
much higher stage than elsewhere, the history of geophysical methods 
in that region affords a lesson of what possibly we should expect else- 


*Read before the Association at the New Orleans meeting, March 21, 1930. 


2Consulting geologist and geophysicist. 
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where. The history of the torsion balance in the Gulf Coast region is 
divisible into three eras. In the first era, the torsion balance was used 
to map known domes and then to search for maxima similar to those 
which had been mapped on the known domes; four salt domes were dis- 
covered. In the second era, on account of the entirely negative results 
of tests on three large minima and on several non-typical maxima, the 
torsion balance was almost entirely discredited for reconnaissance for 
salt domes. In the third era, the high value of those minima as indica- 
tions of deep domes became evident and the torsion balance came back 
into extensive use in reconnaissance for deep domes. The seismic method 
also has gone through three periods. In the first period, the time of 
explosion was determined by the air-wave method, and the effective 
working depth of the method did not extend below 2,500 feet. In the 
second period, the time of the shot was transmitted by wireless and the 
effective working depth of the method was 4,500 feet. In the third period, 
the torsion-balance discoveries of very deep domes forced the seismic 
method to increase its effective depth range to 7,500 feet. A fourth 
period seems now to be beginning and to be marked by the decline of 
the refraction method and by the increasing importance of the reflection 
method. 

The following lessons are suggested by the history of the methods 
in the Gulf Coast region and are applicable elsewhere: (1) much condem- 
nation of the methods is too hasty; (2) many entirely negative tests on 
geophysical prospects are due to only a 25 per cent failure of the method; 
(3) a method may give a definite indication of the presence of a structure, 
but may give a very indefinite indication of the position of the crest; 
(4) the personal equation of the interpreter enters into the success of 
the methods; (5) many of the tests which have been entirely negative 
have been drilled on border-line prospects; (6) the accuracy of interpre- 
tation grows with the growth of the geological-geophysical knowledge 
of an area; (7) one method may be valuable for one purpose, another for 
another; (8) geophysical interpretation and some geophysical work may 
be obsolete; (9) regional surveys are of value not only in expediting the 
development of interpretation but in giving a considerable advantage 
over competitors when the significance of anomalies becomes evident. 
In conclusion, the writer expresses three thoughts: (1) that the many 
definite anomalies, which have been mapped in many places and which 
at present are not definitely interpretable, indicate geologic features, 
and that some of them presently will be of significance to the petroleum 
geologist when they are properly interpreted; (2) that although geophysics 
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is a valuable tool for the petroleum geologist, it is no easy means for the 
discovery of structure or oil; and (3) that there is great danger in amateur 
interpretation — isogams show the variation of a physical effect and 
are not easily convertible into structure contours. 


GULF COAST REGION IN 1929 


In the Gulf Coast region during 1929, the seismic and torsion-bal- 
ance methods maintained their eventful successes of previous years. 
Through drilling on domes discovered by those methods, more oil fields 
were discovered during the year than in any previous year in the history 
of this region. The geological power of both methods developed so that 
during the year they have been used at much greater depths than in pre- 
vious years. The Gulf Coast region is now being re-shot for the third 
and fourth consecutive times. 

Many salt domes were discovered by the seismic and torsion-balance 
methods in the Gulf Coast region during 1929. A tentative list of these 
discoveries, and of the prospective domes which as yet have not been 
confirmed by drilling, is given in Table I. It is difficult to get authentic 
information about many prospects, particularly about border-line 
prospects. 

In contrast to the rather definite seismic anomalies which were 
sought in 1927 and 1928, more attention was paid in 1929 to the less 
definite seismic and torsion-balance anomalies, which indicate the deep 
and very deep salt domes. More work is necessary to check border-line 
anomalies possibly indicating deep domes, and the competing com- 
panies do not attempt to check all reported discoveries of domes. With 
all the data on a prospect, it may be difficult to conclude whether a 
deep dome “probably is present’? or whether a deep dome “ possibly is, 
but probably is not, present.’’ The further data about a new dome may 
be known only to the discovering company. All of the prospective 
domes are supposed to be deep or very deep domes. Some of them may 
not affect beds within reach of the drill. Some of them are on the border 
line of probability and will prove not to be domes. The discovery of 
some of the domes probably should be credited to 1928. The presence 
of the salt at Danbury has been confirmed by drilling and the establish- 
ment of production at Hankamer and Pala Blanca indirectly confirms 
the presence of domes at those prospects. 

More oil fields were discovered in 1929 than in any previous year 
during the history of the Gulf Coast region, and, with the exception of 
Clay Creek, all of the fields were on domes which had been discovered 
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TABLE I 


Domes AND PROSPECTIVE DoMES' DISCOVERED DURING 1929? IN GULF COAST REGION 


Dome 


County or Parish | 


Austin Bayou 
Barataria 

Bayou Chene 
Beasley 

Cameron Meadows 
Carencro 

Cedar Bayou 


Cheek 
Clodine 
Cove 


Danbury 

Devers 

East Stratton Ridge 
Eureka 


Fairbanks 
Golden Meadow 
Gueydan 
Hankamer 
Hayes 


Iota 
lowa 


Lacasine Bayou 
Manvel 

Oyster Bayou High 
Pala Blanca 

Point au Fer 
Rosenburg 

Sargent 


Satsuma 
St. Martinsville 


Winnie 


Brazoria Co. 


| Jefferson Pa. 
St. Martin Pa. 


Ft. Bend Co. 
Cameron Pa. 
St. Landry Pa. 
Harris Co. 


| Jefferson Co. 


Ft. Bend Co. 


| Chambers Co. 


Brazoria Co. 
Liberty Co. 
Brazoria Co. 
Harris Co. 


Harris Co. 

La Fourche Pa. 
Vermillion Pa. 
Liberty Co. 
Calcasieu Pa. and 
Jefferson Davis Pa. 
Acadia Pa. 


Calcasieu Pa. and 
Jefferson Davis Pa. 
Jefferson Davis Pa. 
Brazoria Co. 
Chambers Co. 
Brooks Co. 
Terrebonne Pa. 

Ft. Bend Co. 
Matagorda Co. 


Harris Co. 

St. Martin Pa. 
Newton Co. 
St. Mary Pa. 
Jefferson Co. 


| Dome* 


Pro- 
| Method | Con- | duction 
Discovered by | Used | firmed | Estab- | Drilled 
| by lished 
| Drilling 
Rycade Oil Co. ‘Seismic |........ ds "Dr. 
The Texas Co. [Seismic j........ No 
Humble Oil and Refining Co. | T.B. |........)........ 1 well 
Vacuum Oil Co. Seismic |........ Dr. 
The Pure Oil Co. No 
Shell Petroleum Corp. 2 wells 
Sloan Prospecting Co. T.B 
H. C. Cockburn 7.3 
Meyer & Sorelle | 2 wells 
The Pure Oil Co. Seismic Discred- | 1 well 
| ited | 
Shell Petroleum Corp. Seismic | Yes | -| 1 well 
Humble Oil and Refining Co. | T.B. |........|........ | t well 
Rycade Oil Corp. | Dr. 
Humble Oil and Refining Co. | T.B. |........ PR ERS 1 well 
Navarro Oil Co. | 
Petty Petroleum Corp. | No 
Humble Oil and Refining Co. ‘Seismic ........|......-. | No 
The Pure Oil Co. ‘Seismic No 
Gulf Production Co. T.B Yes Yes Yes 
Gulf Production Co. am: | 
Humble Oil and Refining Co. | | Yes 
& T. B. 
| & T. B. | 
The Pure Oil Co. Seismic |Discred-|........ 1 well 
The Texas Co. atte Dr. 
Rycade Oil Co. ‘Dr. 
Shell Petroleum Corp. Seismic Yes | Yes | Yes 
Freeport Sulphur Co. 1 well 
Humble Oil and Refining Co. | T.B. |...............-. _ No 
Humble Oil and Refining Co. | T.B. |........|........| No 
Shell Petroleum Corp. | 
Cranfill & Reynolds Oil Co. | T.B. | 1 well 
Evangeline Oil Co. | x well 
Gulf Production Co. | No 
The Pure Oil Co. ‘Seismic Discred-|........ | 1 well 
Cranfill & Reynolds Oil Co. T. B. No 


i ee prospects known to be dubious are omitted, but reliable evidence in regard to many of the prospective domes listed is not 


available. 


?The discoveries are known to have been made or were first reported during 1920. 


3County in Texas; parish in Louisiana. 


4Confirmation by drilling into cap rock or salt, or on very deep domes by the discovery of a commercial oil field. 
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by the use of either the torsion balance or seismograph. The list of those 
oil fields is given in Table IT. 

The Van oil field is of the first class. The rank of the other fields 
has not been established. 

The search for deep and very deep domes was an outstanding fea- 
ture of the year and represents the result of a considerable advance in 
both the torsion-balance and seismic methods and marks a notable 
relative gain of the former over the latter. Although first in the field 


TABLE II 


FreLps DiscOVERED DURING 1929 ON GEOPHYSICALLY DISCOVERED SALT Domes 
oR SALT STRUCTURES 


Dome County or Parish Discovered by Discovery Method 
Port Barre St. Landry Pa. The Texas Co. Seismic 
Hankamer Liberty Co. Gulf Prod. Co. Torsion balance 
Esperson Liberty Co. Harvey Smith Torsion balance 
Lake Pelto Terrebonne Pa. The Texas Co. Seismic 
Caillou Island Terrebonne Pa. The Texas Co. Seismic 
Port Neches Orange Co. The Texas Co. Seismic 
Van! Van Zant Co. The Pure Oil Co. Seismic 
Pala Blanca Brooks Co. Houston Oil Co. Seismic 
NON-COMMERCIAL WELLS ONLY 
Dog Lake | Terrebonne Pa. | The Texas Co. | Seismic 
Genoa? Harris Co. | Humble Oil and | Torsion balance 
| Refining Co. 
Mykawa3 Harris Co. | Humble Oil and | Torsion balance 
Refining Co. 
Roanoke Jefferson Davis Co.) Vacuum Oil Co. | Torsion balance 
Danbury Brazoria Co. Shell Petrol. Corp. Seismic 
Black Bayou Cameron Pa. Shell Petrol. Corp. Seismic 
Bayou Bleu Iberville Pa. Standard Oil of La. | Seismic 


*An anticline in northeast Texas salt basin. ‘The presence of salt has not yet been established. 
Theoretically, it seems probably to be a deep salt ridge. 


Gas only. 


3Gas and a little oil. 


and first to discover salt domes, the torsion-balance method was almost 
completely displaced by the seismic method for reconnaissance on ac- 
count of the equal ability, much greater speed, and lower costs per acre 
of the seismic method in the search for domes within 4,000 feet of the 
surface. The discovery of the Dewalt salt dome in 1928 by the torsion 
balance in a much shot-over area led to a more general appreciation of 
the significance of such large gravity minima and the value of torsion 
balance in the search for deep domes. On two other such minima, Es- 
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person and Hankamer, which were rather generally condemned by the 
seismic method and which were rated by Gulf Coast geologists as rather 
low-grade prospects, commercial wells were completed during 1929. By 
the last half of the year more than eighty torsion balances were operating 
in the Gulf Coast region. Simultaneously with the growing appreciation 
of the significance and importance of the gravity minima, certain faint 
indications obtained by the seismic method have come to be recognized 
as significant. Esperson, Hankamer, and Port Neches gave faint seismic 
irregularities which were neither as large nor as definite as those known 
to be associated with salt domes and which geologically, therefore, orig- 
inally were unimportant. The Texas Company finally drilled one of 
these low-grade seismic prospects, Port Neches, during the year, and 
completed a commercial oil well. These fainter seismograph irregularities 
are now being more carefully investigated and by combination of torsion- 
balance and seismic surveys many of them now are understood to rep- 
resent deep salt domes in which the salt lies below the reach of the re- 
fraction (seismic) method. With the increasing emphasis of prospecting 
during 1929 on deep salt domes, the seismic method has increased its 
effective depth range from 5,000-6,000 feet to 7,000-8,000 feet. Although 
the torsion-balance method has a certain superiority in the detection of 
the presence of deep salt domes, an inherent indefiniteness exists in its 
indication of the position of the crest of the dome; the seismic method 
may have to be used to contour some seismic horizon in the super-salt 
beds. 

The Gulf Coast salt-dome area is now in process of the third and 
fourth re-shooting. In the first period, 1924-1926, the maximum shot- 
to-receiver distance was 2!4 miles; consequently, the effective maximum 
depth range was about 3,000 feet; most of the work was done by Seismos, 
using the inaccurate and now obsolete air-wave determination of the 
time. In the second period, 1927-1928, a shot-to-receiver distance of 
5-6 miles was used and radio transmission of the time of the explosion 
had replaced the air-wave method; practically the whole Gulf Coast 
salt-dome area was shot, without regard to previous shooting. A third 
re-shooting of the Gulf Coast, begun in 1928 with areal contouring of 
certain key seismic horizons, is now in progress; some contouring was 
done in the first period, but now little attention is paid to it on account 
of the low accuracy of the air-wave determination of the time of the 
explosion; contouring with the seismic method involves profile shooting, 
which is much slower and more costly than fan reconnaissance; the shoot- 
ing of the whole salt-dome area by this method progresses slowly and 
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may never be completed. The fourth re-shooting of the Gulf Coast 
salt-dome area began with the search for the very deep salt domes and the 
increase of the effective depth range of fan reconnaissance to 7,000-8,000 
feet; much of the area previously shot with fan reconnaissance effective 
to 4,500 feet will be re-shot. Many gaps were left in the earlier work, 
particularly where fans came together and in places which were difficult 
to cover; the shooting maps are being re-studied and those gaps are being 
shot. With this period of the fourth re-shooting, two new tendencies in 
the evolution of the seismic technique are developing. The first is a 
tendency toward abandonment of the use of the travel-time of the air 
wave for the determination of the distance between shot and receive 
positions. The reconnaissance for very deep salt domes involves longer 
shots and the use of very much smaller anomalies. An attempt is being 
made to perfect the technique to such a point that anomalies of '/o 
second “advance” or even slightly less may safely be regarded as sig- 
nificant. The distances determined from the travel time of the air wave 
on 8 and g-mile shots have been proving too inaccurate and the tendency 
now is to survey the distances. The second tendency is toward the use 
of vertical or very high-angle reflection in the surveying of particular 
prospects. This type of reflection shooting has not been entirely accepted, 
but the Geophysical Research Corporation seems to have confidence 
in it. 
UNITED STATES OUTSIDE GULF COAST 

In the United States outside of the Gulf Coast petroleum province, 
the seismograph, torsion balance, and magnetometer have been used to 
some extent in California, West Texas, and eastern New Mexico, the 
Texas fault-line district, Oklahoma, Kansas, Arkansas, northern Louis- 
iana, Michigan, Colorado, Wyoming, and probably elsewhere. The 
electric methods were used slightly, but the work was largely in the nature 
of experimental application of them to determine their practical worth. 
Since the discovery of the Van oil field in northeast Texas, there has 
been renewed use of the seismic method in northeast Texas and the first 
considerable attempt to use the torsion balance there. 


FOREIGN COUNTRIES 


In foreign countries, considerable use of geophysical methods of 
prospecting for oil continued in Venezuela, Mexico, and Roumania, and 
there has been some use of these methods in Germany, Italy, France, 
Egypt, Angola, Australia, Persia, Canada, and other countries. 
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EVALUATION OF METHODS 


‘Opinion about the value of the geophysical methods in other than 
salt-dome areas is somewhat divided. Some companies are well satisfied 
with the results of their work in non-salt-dome areas. Other companies are 
dissatisfied with the results of their work in the same areas and are skep- 
tical of the value of geophysical methods. Some companies are uncertain 
in regard to the value of these methods. 

Each of the four main methods, seismic, torsion balance, magnetic, 
and electric, has been used with some success in mapping structure. The 
torsion balance and magnetometer have to their credit the discovery of 
the Hobbs oil field and structural “high” by the Midwest Refining Com- 
pany and the Vacuum Oil Company-Rycade Oil Corporation’s well near 
Lovington, New Mexico, a ridge of igneous rock in the Oxnard plain, 
California, and some igneous masses in Arkansas. Buried ridges, such 
as the Amarillo granite ridge and the Nocona-Muenster “granite’’- 
Ordovician ridges, are conspicuous in torsion-balance and magnetometer 
surveys. The Era continuation of the Muenster ridge was discovered 
by the torsion balance. Such petroliferous structures as Healdton, 
Hewitt, and Robberson, are prominent in torsion-balance surveys. 
The effectiveness of the electric method has been demonstrated in the 
mapping of Darst Creek and seemingly is showing potentialities of con- 
siderable importance in the electric logging of wells. The seismic method 
has been used with considerable success in mapping faults and contouring 
key beds under certain geologic conditions, for example, the Viola lime- 
stone in the Seminole district and the Austin chalk in northeast Texas. 

Several failures, or seeming failures, however, are being charged 
against the geophysical methods on account of tests drilled in non-salt- 
dome areas. These tests were failures commercially, for they failed to 
find oil, but they do not necessarily represent a hopeless failure of the 
respective geophysical methods that caused the location of the tests. 
Some of the failures may represent complete failure of the respective 
methods. Others are the result of the bungling use of the geophysical 
methods by executives or by incompetent interpreters. Some are due 
to the youth of the methods and the inadequacy of experience in inter- 
pretation of their results. Many probably are due to only a 10-25 
per cent failure of the respective methods. Many are caused by the 
play of low-grade geophysical prospects in the absence of available 
high-grade prospects. 

The evaluation of the true significance of these failures and of the 
final places of the respective methods in the mapping of non-salt-dome 
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structure is not yet possible. Many of the failures which are being 
charged against the geophysical methods are based on single and isolated 
wells. A considerable knowledge of the geology of the respective areas 
is necessary for the explanation and evaluation of those seeming failures, 
but unfortunately, in most of those areas our knowledge of the geology 
is extremely scanty. In the Gulf Coast region of Texas and Louisiana, 
the evolution of geophysical exploration has progressed much farther 
than anywhere else in the world; much more geophysical work, chiefly 
seismic and torsion-balance, has been done, and there has been more 
drilling on more geophysical prospects than anywhere else in the world. 
The normal structural stratigraphic situation is extremely simple, and 
the structures mapped, the salt domes, are extremely exaggerated 
structures which present certain somewhat simple physical anomalies. 
The structural and physical situation, therefore, in many ways is very 
much simpler than the structural and physical situation in non-salt- 
dome areas. The geophysicist has been able to learn more about the 
significance and interpretation of the anomalies which he maps and has 
been able to develop the power of the torsion-balance and seismic meth- 
ods to a much higher degree than it has been possible to achieve in non- 
salt-dome areas. The application of the geophysical methods in non- 
salt-dome areas shows signs of being in a stage of evolution comparable 
with one of the earlier stages of the evolution of the application of the 
geophysical methods in the Gulf Coast region. The history of the geo- 
physical methods, particularly of the torsion balance on the Gulf Coast 
salt domes, may afford a lesson of what we may expect of the geophysical 
methods in non-salt-dome areas. 


HISTORICAL REVIEW OF TORSION-BALANCE AND SEISMIC METHODS 
IN GULF COAST REGION 


An outline of the history of torsion-balance and seismic methods in 
the Gulf Coast region is given in Table III. 


TORSION-BALANCE METHOD 


The gravitational system in the salt-dome area consists of (1) the 
salt plugs of a specific gravity of 2.19 +0.03';(2) a cap of limestone, gyp- 
sum, and anhydrite which lies on the salt and which has a specific gravity 
of 2.6+0.2'; (3) a 15,000-20,000-foot stratigraphic section of Tertiary 
sediments, the specific gravity of which ranges from 1.9 to 2.1' within 
500 feet of the surface to 2.2'+ at 2,000-3,000 feet in depth, and probably 


"In part from determinations from hand specimens and in part from theoretical 
deductions and calculations in connection with torsion-balance surveys. 
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TABLE III 


TABULAR History oF TorsiON-BALANCE AND SEISMIC METHODS IN GULF COAST 
REGION OF TEXAS AND LOUISIANA 


i| Torsion Balance Seismic 


1922 || Introduced into America 


1923 MAPPING KNOWN DOMES 


Introduced into Mexico 
‘Introduced into Oklahoma and north 


Texas 
1924 | Reconnaissance for maxima 
| Discovery of: Nash Introduced into Gulf Coast region 
Long Point |Mechanical seismographs 
Clemens |Air-wave timing. Surveyed distance 
Allen 2-3-mile shots. Fan reconnaissance 
1925 || SHALLOW DOMES ERA Attempted profile mapping of top of 


Miocene. Shallow domes discovered 


' Torsion balance largely discredited|Wireless timing. Air-wave distance. 

1926 for reconnaissance and used mainly Mechanical-electric seismographs. 
for detailing shallow domes | 3-6-mile shots. Mainly fan recon- 
Lost Lake, Edgerly, Roanoke, and! naissance. Many shallow and deep 


1927 | several maxima drilled and con-| domes discovered 
demned at the beginning of the era’ 
|| DISCREDITED ERA 
1928 |) 
| Active reconnaissance for deep and|Wireless timing. Air-wave distance. 
——|__ very deep domes. Dewalt, Hanka-| Mainly electric seismographs. 6-8- 
‘| mer, Esperson found on deep and mile shots on fan reconnaissance for 
1929 || very deep domes mapped by torsion) deep and very deep domes. Profile 
balance”. | contouring of seismic horizons. At- 
i | tempted critical-angle reflection 
| shooting 
1930 | DEEP DOMES ERA Surveyed distance replacing air-wave 


distance. 7-10-mile shots on fan re- 

connaissance for very deep domes. 
| Profile contouring of seismic hori- 
| zons. Vertical-reflection shooting 


to 2.3 or 2.35' or possibly slightly more at very great depth. The relative 
density of the cap rock with reference to the surrounding sediments is 
positive and fairly large; the relative density of the highest part of the 
salt in a very shallow dome may be positive but very small; from 1,000 + 
to 5,000 + feet there is a thick zone in which the salt has essentially the 
same density as the surrounding sediments; below 5,000 + feet, the rela- 
tive density is negative and probably increases with depth. The gravity 
anomaly of an average shallow dome, therefore, consists of: (1) a fairly 
sharp gravity maximum essentially coincident in position with the top 


‘From theoretical deductions, both geological and geophysical. 
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of the dome, but not extending more than 750 feet out from the edge 
of the dome, and (2) a broad shallow minimum concentric with the dome 
and extending out 6-8 miles from the center of the dome. If the dome 
does not rise within 3,000 feet of the surface, it is represented only by a 
minimum. 

In the first or “Shallow domes” era of the torsion balance in the Gulf 
Coast region, the study of the known domes established the maximum 
as the characteristic gravity anomaly of the salt domes, for only one of 
the known domes was as deep as 2,000 feet. Exceptional domes were 
known, however, with minima, but none of the surveys was carried out 
far enough completely to map a minimum, and the minima were not 
well understood. When reconnaissance commenced, the search was 
wholly for maxima of the type which had been learned as characterizing 
the known domes. The four maxima, Nash, Long Point, Allen, Clemens, 
all of that characteristic type, were mapped and soon confirmed as salt 
domes by the drill. The succeeding maxima mapped were not of the 
characteristic type, but were more irregular and fainter and had a dif- 
ferent type of cross profile. These non-typical maxima were interpreted 
as being possibly, but not probably, “‘deep”’ salt domes (deep in the 1925 
sense, not in the 1929 sense). The prospects with which many of the 
non-typical maxima were associated had surface indications which jus- 
tified drilling (oil in shallow wells, HS in a go-foot water well, water 
whose analysis suggested a deep-seated water rather than’ a surface 
water). Many such maxima were drilled with entirely negative results. 
Three distinct, regular minima were mapped by the Roxana (now Shell) 
Petroleum Corporation during late 1924 and 1925, East Edgerly, Lost 
Lake, and Roanoke (Roanoke, simultaneously mapped also by the 
Rycade Oil Corporation). These minima were drilled with entirely 
negative results, Lost Lake and Roanoke to 4,000+ feet and East 
Edgerly to 5,200 feet. 

The “Discredited” era of the torsion balance in the Gulf Coast 
region opened with these complete failures of tests on the minima and 
the non-typical maxima. As a result of these failures, minima were 
somewhat generally regarded as condemned as indications of anything 
of interest to the oil man, and maxima were regarded as unreliable 
indications of salt domes, although the interpreters argued that the 
typical maxima were entirely reliable criteria. About the same time, the 
seismic method began to demonstrate its high economic superiority over 
the torsion-balance method in reconnaissance for shallow and relatively 
shallow domes. The torsion balance, therefore, was almost entirely 
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discredited for reconnaissance for salt domes and work with the torsion 
balance almost ceased in the Gulf Coast region except for minor work 
on detail surveys of the crests of shallow domes. 

New data began to accumulate about the supposedly discredited 
minima toward the end of the era and during the beginning of the suc- 
ceeding era. The Lost Lake dome was discovered near the center of 
the Lost Lake minimum and was confirmed by the drill. It now is evi- 
dent that the Roxana (now Shell) Petroleum Corporation’s well would 
probably have gone into the salt if it had been drilled to a depth of 6,000 
feet. 

The salt was drilled into at Edgerly in an area which is about 4% 
mile southwest of the Roxana (Shell) Petroleum Corporation’s 5,200-foot 
well and which is on the northeast edge of the Edgerly oil field. The 
Dewalt (4,000 feet) dome was discovered by a North American Explora- 
tion Company party working for H. C. Cockburn, and independently 
but slightly later by a Humble Oil and Refining Company seismograph 
troupe. The presence of the dome was confirmed by the drill, and oil was 
discovered in 1928. 

The “Deep domes”’ era of the torsion balance in the Gulf Coast 
began with the discovery of the Dewalt oil field. The significance of 
the discovery was not appreciated generally and only a few operators 
began reconnaissance for deep domes. A second test at Roanoke during 
the spring of 1929 discovered oil, but not in commercial quantity. During 
the following summer the Esperson and Hankamer oil fields were dis- 
covered by tests which were drilled on torsion-balance minima. The 
seismic geophysicists did not think well of either prospect, although a 
faint anomaly had been mapped at Esperson. Although the Dewalt 
dome was found by the seismograph almost simultaneously with its dis- 
covery by the torsion balance, the dome had been missed in much other 
seismic work. Recognition gradually became general that the condem- 
nation of the minima on account of the failures of the tests at East 
Edgerly, Lost Lake, and Roanoke had been premature, that those minima 
were the anomalies of very deep domes, that the torsion balance is not 
only serviceable in detecting deep and very deep salt domes, but in dis- 
covering domes which were being missed by the current practice of the 
seismic method, and that it had (and still has) a slight superiority over 
the seismograph in reconnaissance for the very deep salt domes (except 
in areas of bad marsh and water). By the end of the year, eighty torsion 
balances, more or less, were in use in the Gulf Coast region, mainly on 
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reconnaissance for new salt domes, and several companies are engaged 
in making a fairly complete areal torsion-balance survey of the Gulf Coast. eee a 

A great development in our knowledge of the geophysical and ae 
geological significance of the gravitational anomalies has accompanied , 
the coming of the “Deep domes”’era. The interpretation of the “Shallow 


domes” era was based almost wholly on the empirical study of the then . 
known (shallow) domes on the basis of surveys which are now known 5 
only partly to cover the anomalies of those domes. Many additional - a 


data are available now; the theory of interpretation has developed fur- be, ; 
ther, and analysis of the gravitational system of the Gulf Coast has bs 
brought a fair understanding of the gravitational anomalies. ; 

The large definite minima are recognized as being the anomalies of i: 
salt masses mainly lying below a depth of 4,000+ feet. These minima ae: 
may be subcircular, or linear. The subcircular minima are known 


definitely to be the characteristic type of anomalies produced by deep Pe 
and very deep' salt domes and by the roots of shallow domes. os 

The interpretation of a certain type of very large minimum, however, : oN 
has not been entirely settled. Minima of other types theoretically are ge 
possible and probable. 


The linear minima on the basis of geological and geophysical reason- 
ing are interpreted as very deep salt ridges. 

The maxima of the Gulf Coast area are of at least four types produced s 
by quite different causes. A certain type characterized by a relatively ie al 
narrow zone of relatively large maximum gradient is the anomaly asso- a bi 
ciated with shallow domes and is produced mainly by the cap rock, but . : 
also in part by the salt mass, if the salt is very shallow. A second type, 
which was the cause of many of the negative tests on maxima at the 
beginning of the “Discredited”’ era, is produced by the interference of 
the minima of deep domes or of the roots of shallow domes. This type 
of maximum also may be thought of as the anomaly of the prism of sed- 7 
iments between the salt domes. A location for a test on such a maximum ! 
will be the most unfavorable one possible on the Gulf Coast, as it will be 
essentially midway between domes. A third type may be produced by 
sedimentary irregularities of density in the upper 1,000 or 2,000 feet of 
the section. During the “Discredited” era, most of the maxima which : 
were not of the type characteristic of the shallow domes commonly 
were interpreted as due to “gravel” beds. A fourth type, produced by 


‘A deep salt dome in 1924 meant a dome lying at a depth of 2,000 feet or more; 
at present, it means a dome lying at a depth of 4,000 feet or more. The writer uses 
the term “‘very deep domes” for domes lying at a depth of 7,000+ feet. 
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a structural dome not associated with a salt dome, is possible, but thus 
far the writer has seen only one anomaly which may possibly be of this 
type. 
Analysis of the gravitational system which produces one of the 
characteristic minima shows that although a minimum may definitely 
indicate the presence and approximate position of a deep dome, con- 
siderable and inescapable indefiniteness exists in its indication of the 
position and depth of the crest of the dome and in the probability of de- 
formation of the potentially petroliferous super-salt horizons. The salt 
in the neutral zone has the same density as the surrounding sediments, 
and in the immediately underlying zone, the salt is only very faintly 
lighter than the surrounding sediments. The upper part of the salt of a 
deep dome, therefore, does not produce an appreciable gravity effect 
at the surface and its conformation can not be determined gravitation- 
ally. 

The minimum reflects the salt mass as a whole from 5,000+ feet 
down to 15,000-20,000 feet, but the conformation of the top of the salt 
mass largely controls the deformation of the super-salt beds and the lo- 
calization of the accumulation of the oil. If interpretation of the position 
of the center of the dome is based on the position of the center of the 
minimum, the presence of a regional gradient may produce a shift of the 
apparent center of the dome; the amount of the shift may not be deter- 
minable. If the position of the dome is determined by semi-quantitative 
calculations, the errors of observation produce some indefiniteness 
in the results of the calculations. Geologically, as far as we can reason 
at present, uplift of a salt dome may cease at any period. In some of 
the deep salt domes, uplift may have ceased in early Tertiary time with 
no subsequent recurrence. In others of the deep domes, uplift may have 
continued into the Pleistocene or to the present. On the former domes, 
there would be no deformation and no accumulation in horizons of later 
age than the date of the last uplift and, unless tests go below these hori- 
zons, the drill finds no confirmation of the presence of the dome. The 
results of drilling on well defined minima are in conformity with the ex- 
pectations deducible from those arguments. Many of the minima, St. 
Martinsville, Egan, Genoa, Clodine, Shepherds Mott, Beasley, Need- 
ville, have been drilled with negative results. Sufficient showings of oil 
have been obtained in drilling at Roanoke and Mykawa to justify the 
expectation of the presence of the dome and production tangent to the 
wells which obtained the showings, but the exact position of the uplift 
has not been found. At Esperson the first well was entirely negative; 
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the second showed the probable presence of uplift on the top of the 
Jackson; and the third discovered the oil. At Hankamer, the first test 
was entirely negative. According to the permutations possible under 
the laws of chance, there was a considerable chance that the fourth, fifth, 
and sixth tests on the minima in the Gulf Coast region might have been 
the negative tests on any three of the minima, St. Martinsville, Egan, et 
cetera. There would then have been six good tests on minima with en- 
tirely negative results and the minimum would have been regarded by 
general geologic opinion as entirely condemned. 

A fairly complete areai torsion-balance survey of the coastal salt- 
dome area, made during the “Discredited’”’ era would have been enor- 
mously valuable to a company at the beginning of the “ Deep domes” 
era, when the importance and significance of the minima began to become 
evident. Areal mapping with the torsion balance is so slow that the 
company would have been able to block as many of the minima as it 
desired and to have checkerboarded the remainder with protection leases 
before competing companies without such completed area surveys would 
have been able to do enough areal reconnaissance definitely to have 
outlined any of the minima. A half interest in the lease block on two of 
the better minima could then have been sold for enough almost to have 
reimbursed the company for the cost of the areal torsion-balance survey. 


SEISMIC METHOD 


_ The development of the seismic method, unlike that of the torsion- 
balance method, has been rather steady, but likewise is divisible into 
three periods which coincide more or less with the three eras in the his- 
tory of the torsion balance in the Gulf Coast region. 

In the first period, which may be called the “Air-wave time or 
Shallow dome”’ period, all the effective seismic prospecting in the Gulf 
Coast region was done by Seismos with its mechanical seismograph 
and with the air-wave determination of the time of the explosions. On 
account of the limitations of the air-wave determination of the time of 
the explosion and on account of a belief in a theoretical impossibility 
of effective work at a distance of more than 3 miles, shot lengths of less 
than 2% miles were used and the seismic prospecting was effective 
down to a depth of 2,500 feet. The Seismos troupe attempted con- 
siderable profile mapping on the top of a seismic horizon which they 
termed “the top of the Miocene,” and which lay at a depth of 2,000 + 
feet. Many faults were discovered on the basis of this profile mapping. 
A very large part of the Gulf Coast area between Lafayette, Louisiana, 
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and Wharton, Texas, was explored by the seismic method during this 
period and one of the four crews was very effective in discovering domes. 

The second, or “ Moderately deep domes” period was initiated by 
the appearance of the American electric seismographs with wireless 
determination of the time. The electric instruments made feasible the 
prospecting of the coastal marshes and shallow bays. The introduction 
of the wireless determination of the time of the explosion reduced con- 
siderably the error of observation. A Geophysical Research Corporation 
troupe showed the practicability of 5-mile shots by discovering the Moss 
Bluff salt dome on some long shots (undertaken against orders). The 
increase of the shot length on reconnaissance to 5 miles increased the 
effective depth range of the method to 4,500-5,000 feet. Most of the 
leases shot during the first period were re-shot and much new area was 
explored, comprising chiefly the coastal marshes and shallow bays and 
the Mississippi delta and bottoms. Areal profiling of seismic horizons 
fell into disrepute during this period, but began to come back into favor 
toward the end of the period. The reconnaissance was almost wholly 
fan reconnaissance for anomalies showing indications of “salt velocity.” 
The geophysicists reported anomalies which did not show the “salt 
velocity,” but which seemed indicative of some sort of geologic structure. 
The geologic significance of those irregularities, however, was not known 
and they were neglected. 

The third or “Deep domes” period is in part a reaction to the de- 
velopments in the torsion-balance method and in part a natural develop- 
ment within the seismic method. Esperson and Hankamer were torsion- 
balance minima which were rated by the seismic method as very dubious 
prospects. Confirmation by the drill of the torsion-balance indications 
showed that the seismic method was failing to detect certain types of 
dome. Port Neches was discovered by The Texas Company on the basis 
of one of the non-typical anomalies which were being disregarded and 
showed that that type of anomaly in some places was indicative of a very 
deep salt dome. More care and attention were then given to these less 
pronounced anomalies which are produced by the deformation of the 
super-salt sediments above very deep domes. In order to handle fainter 
anomalies, attempts were made to decrease the error of observation; 
a tendency began to be displayed to substitute surveyed determina- 
tion of the distance between shot and receiver for the air-wave deter- 
mination of the distance and also to plant the shots at a depth of 100+ 
feet. In order to reach greater depth, the shot length on reconnaissance 
was increased to g+ miles. Much profile contouring of seismic horizons 
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was done, but largely on prospects rather than on general reconnais- 
sance. Considerable reflection shooting was being done, this also 
chiefly on prospects. Considerable use was made of the seismic method 
in attempting to detail deep or very deep prospective domes discovered 
by the torsion balance. Much of the area shot during the preceding 
two periods was re-shot during this period. 

A fourth period possibly is now beginning. There is considerable 
indication that the refraction method and the whole use of the seismic 
method for rapid reconnaissance for salt domes is on the decline, but 
that the reflection seismic method is only at the commencement of a 
period of at least considerable usefulness in the Gulf Coast region. The 
costs of the refraction method were high and are increasing on account es 
of the technical difficulties of detecting a very deep dome, and the rate if 
of discovery of new domes per troupe per year is decreasing. In using " 4 
the refraction method in the fan type of rapid reconnaissance which was | 
so brilliantly successful in the past, it is now necessary to use anomalies 
whose magnitude approaches that of the probable error of observation. a 
The reflection method has been developing rapidly during the past year 
and has shown increasing power. It is, however, a detail method, and 
reconnaissance with it is slow and expensive. Its final place in geo- " 
physical prospecting in the Gulf Coast region has not been established, : ‘ 
but the writer suspects the coming period in this region will be the : 
“Reflection” period. 


LESSONS APPLICABLE IN NON-SALT-DOME AREAS 


Several lessons may be drawn from the experience with the geophys- 
ical methods in the Gulf Coast region and applied with profit to the eval- 
uation of the geophysical methods and their seeming failures. 

The danger of too hasty condemnation is exemplified by the ex- 
perience with the gravity minima in the Gulf Coast region. An isolated 
test on a geophysical prospect is not ordinarily a safe criterion of the 
failure of the geophysical method or methods by which the prospect was ‘ J 
located. Geologists are accustomed to pronounce definite judgment 
that an isolated dry wildcat is “normal” or “low.” The first three tests 
on the minima on the Gulf Coast were “normal.” A dispassionate, phil- 
osophical survey of the data on which correlation of such isolated tests 
has been based commonly will show them scanty and inadequate. There 
are many reasons why in many places a geophysical indication of struc- 
ture may be almost right but be sufficiently wrong so that the first test 
will be a failure. But few geological predictions are too per cent correct 
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and not uncommonly on a “geological” structure several tests have 
to be drilled before one is located correctly. Eaton states that the 
better geologic departments of California oil companies average one suc- 
cess to nineteen failures. Yet geophysical prospecting is condemned in 
California on the basis of a very few tests on geophysical prospects, 
most of them not first-class prospects. 

A geophysical method may give definite indications of the presence 
of some type of geological structure, but may not delineate the details 
of the structure with sufficient clearness to permit the accurate location 
of the first tests. A gravity minimum in the Gulf Coast region may 
indicate definitely the presence of a deep salt dome, but it gives a some- 
what poor indication of the exact position of the crest of the dome. But 
in oil geology, an indefinite indication of structure is of value in the ab- 
sence of more definite indication of the structure. 

The personal equation enters into the success of a method. Working 
with identical instrumental equipment under identical conditions, one 
man may make a success of a method and another may make a failure 
of it. Seeming failure of a method may be a failure of the personnel 
and not of the method. 

Success may not be possible with the use of a geophysical method in a 
particular region until considerable knowledge has been acquired of the 
geophysical characteristics peculiar to the different types of structure in 
the area. The stratigrapher has to work out his stratigraphic section 
before he can begin his work of correlation. The oil geologist has to 
learn whether the oil accumulation is anticlinal, synclinal, or controlled 
by a water level midway on a flank before he can make correct locations 
for tests. The geophysicist similarly must learn much about the geo- 
physical reactions of his area before he will begin to understand the 
significance of the anomalies which he maps. And until that time he 
may be unable to distinguish accurately between anomalies such as the 
maxima of the Gulf Coast which definitely represent desirable structures 
and the other type of maxima which are the most unfavorable locations 
in the Gulf Coast region. 

Failures on prospects which are marginally favorable should not be 
charged against a method. A great many prospects are drilled because 
the company has no better prospect available. A great many prospects 
have been “farmed out” by their discoverer company because the 
company felt that the prospect did not justify the expenditure of the 
company’s money for a test. 
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One geophysical method may be preferable for one purpose and 
another method for another purpose, and one method may be preferable 
in one area and another method in another area. The seismic method 
was superior to the torsion-balance method in reconnaissance for shallow 
domes, and the torsion-balance method had certain advantages in de- 
tailing the crests of shallow domes discovered by the seismic method, but 
in the reconnaissance for deep salt domes, the torsion-balance method 
has certain advantages, and the seismograph is used to detail deep domes 
found by the torsion balance. One type of structure in one place may be 
detected by one method and not by another, and vice versa. 

Obsolescence is of considerable importance in connection with the 
observations which have been made, the surveys made, and the interpre- 
tation made from the surveys. The earliest magnetometer observations 
in this country are largely obsolete on account of the very much higher 
error of observation with the early instruments. The early “air-wave- 
time”’ seismic work is obsolete on account of the inaccurate determination 
of the time of explosion under the air-wave method. Much of the seismic 
work of the second period is half obsolete because the grade of the work 
does not measure up to present standards. Some of the areal torsion- 
balance work will become obsolete because speed is emphasized rather 
than accuracy; an accuracy is being maintained which is sufficient for 
present purposes, but which may not be sufficient in the future. Some of 
the earlier torsion-balance surveys are obsolete, although the individual 
observations will never be obsolete; these are surveys which were run with 
too wide a station interval for the purposes of the present day interpreta- 
tion, but if the necessary intermediate stations are occupied, the survey 
will be as good as if all stations had just been taken. Interpretation rapid- 
ly becomes obsolete; our experience is growing rapidly, and interpretation 
made several years ago may be entirely erroneous in the light of present 
knowledge. A report made five years ago on an inter-dome maximum in 
the Gulf Coast region might have been mildly favorable, although now 
such a prospect would be recognized as most unfavorable. 

Regional geophysical surveys ultimately may be enormously profit- 
able to the company which made them, although at the time of the 
survey interpretation of the anomalies may not be possible. A regional 
survey reveals many relations which otherwise would be obscure. The 
significance of the gravity anomalies of the Gulf Coast, for example, did 
not become evident until regional surveys were made. Even if the shal- 
low domes were the only domes in the Gulf Coast region, it would be 
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impossible to understand the gravity anomalies produced by them until 
much areal mapping had been done. Regional mapping, therefore, will 
expedite the understanding of the anomalies which it discloses, and in 
many places the interpretation of anomalies is not possible until extensive 
areal surveys are available. A company which makes areal surveys will 
learn the secret of the significance and interpretation of the anomalies 
a little sooner than a company which does not make areal surveys. 
When the significance of a petroliferously favorable type of anomaly does 
suddenly become clear, an areal survey which shows the various anoma- 
lies of that type will be of great commercial value. Geophysical survey- 
ing is slow and it takes much time to make areal surveys. A company 
which has already made its areal survey will be able to select and to 
block the most favorable of the anomalies and to checkerboard the next 
most favorable anomalies with little effective competition from rival 
companies. A torsion-balance survey of the coastal salt-dome area made 
by a company during the “Discredited” era of 1926-1927 would have 
been most profitable to the company in 1929. 


CONCLUDING THOUGHTS 


In conclusion there are three thoughts which the writer would like 
to express. 

The geophysical methods, both individually and in combination, 
furnish no easy means for the detection and mapping of petroliferous 
geologic structure and for the discovery of commercial deposits of pe- 
troleum. They are merely one set of tools of the oil geologist, and like 
his other tools, they have their uses and their limitations. Surface 
geology gives brilliant indications of the subsurface structure in many 
areas, but if the surface beds are thick, and very cross-bedded, surface 
geology may give a very erratic indication of structure; if no exposures 
are available or if the surface beds do not reflect the subsurface structure, 
surface geology is of no value. Paleontology is an important tool of the 
oil geologist, but it can be of use only if fossils are available and, in many 
situations, it is an erratic tool. Each of the main geophysical methods 
has been distinctly effective in indicating certain structural conditions, 
some of them so successfully as to suggest clairvoyance. Combinations 
of methods have been effective in indicating conditions which neither 
could indicate satisfactorily alone. Some of the methods under special 
conditions primarily are reconnaissance methods and will not give the 
details of structural features which may have been detected by their use. 
There are structural situations which can not be met by any one, or by 
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any combination of the methods. One structure may be mappable by 
an interpretation of surface geology or of fossils and an adjacent struc- 
ture may not; similarly, one structure may be mappable by geophysical 
methods and another may not; and the inadequacy of a geophysical 
method in the attempt to map one structure is no necessary evidence of 
its inadequacy for the mapping of other structures in the same area. 

Oil geology is recognized as an inexact science which is of value be- 
cause, inexact though it is, it ultimately reduces the chances of failure and 
increases the chances of success in the discovery of oil. Perhaps on ac- 
count of the seeming ability of the geophysical methods to see down, as it 
were, into the earth, general opinion tends to credit them with a power of 
clairvoyance which they do not possess. The geophysical method of map- 
ping structure is, like oil geology, an inéxact science, although in restricted 
areas, like geology, it may seem almost to be an exact science. But, 
inexact though it is, it gives important clues to structure in places where 
geologic evidence is scantier or absent. The geophysical methods, there- 
fore, should not be regarded as infallible indicators of structure, but as 
another method of reducing the chances of failure and increasing the 
chances of success in finding oil in places in which it is impossible to do 
satisfactory geologic work. 

Every definite anomaly which actually exists—which is not due 
to errors of observation—has some geologic significance. The anomaly is 
produced by some geologic inhomogeneity in the earth’s crust and is 
telling us of that inhomogeneity in a language which we may or may 
not be able to understand. Even the rather despised magnetic maxima 
of the Mid-Continent must be indicating some geologic feature. The 
commercial geologist is interested only in a limited range of geologic 
features. The task of the geophysicist, therefore, is to learn to under- 
stand the language of these anomalies and to distinguish the anomalies 
which are indicative of the structures of interest to the commercial geol- 
ogist and to learn to understand what they are telling about those struc- 
tures. 

The many anomalies which have been mapped by areal surveys in 
West Texas, Oklahoma, Kansas, and California, and whose significance 
as yet is not wholly evident, must be indicating geologic features. Pres- 
ently their significance will become clear and some of the anomalies will 
be found to be indicating structural and non-structural geologic features, 
but the writer feels confident that many of them will be found to be in- 
dicating something about the petroliferous types of structure which the 
oil geologist is seeking. 
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Isogam maps of magnetic or gravitational surveys, maps of equal 
electric resistivity, and equipotential maps, look seductively like struc- 
ture-contour maps. With simple, symmetrical or almost symmetrical 
structures, there may be a seductive correspondence between the iso- 
gams, et cetera, and the structure-contours which leads the unwary to 
believe that isogam maps, maps of equal resistivity, and equipotential 
maps, may be used directly as structure-contour maps, and to believe 
that to discover a structural “high,” it is necessary only to discover a 
gravity “high,” a magnetic “high,” et cetera. But unfortunately maps 
of that character show only the surficial variation of a physical effect. 
A relation does hold between that surficial variation of the physical 
effect and the conformation of the subsurface, but the relation is expressed 
only by complicated mathematical formulas. Asymmetry of the body 
producing the anomaly will produce a divergence in position between 
the structural crest and the center of the gravity or magnetic crest. At 
the magnetic poles, the center of the anomaly of the vertica! component 
tends to be central over the body producing the anomaly, and the center 
of the anomaly in the horizontal component tends to be offside, but at 
the equator the situation is reversed. The anomaly produced by a ver- 
tical cylinder % mile in diameter and % mile to 1% miles in depth 
theoretically extends to infinity, and, practically, it will be appreciable 
in magnitude out to a distance of 2 miles from the axis of the cylinder, if 
the anomaly as a whole is appreciable. Structural “highs” may be rep- 
resented by gravity maxima or minima, and a few rare structures, such 
as some shallow salt domes in the Gulf Coast region, may be represented 
by a maximum within a larger minimum. Structural “highs”? may be 
represented by a magnetic maximum or minimum, or paired maxima 
and minima. The statement holds, for all practical purposes, that no sim- 
ple transformation of isogams and similar lines of equal physical effect 
into structure contours is possible; that it is not possible to multiply 
isogams by some constant and obtain structure-contours. 

Isogams and similar lines of equal physical effect must be translated 
into terms of structure. Roughly approximate structure contours can 
be calculated in a very few, exceptionally simple situations. But, in 
general, the calculations give only a qualitative picture of the structure 
and do not give structure contours which have any significance in feet 
or other similar unit of measure. By simple inspection, a skilled inter- 
preter may be able to translate a simple anomaly into terms of structure, 
but the act of translation is there. In a rare area of simple geologic 
and physical structure, a simple direct relation may hold between struc- 
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tural “highs” and the geophysical maxima and minima, and in such an 
area the naive and simple interpretation of geophysical maxima (or $ 
minima) as automatic, simple indicators of corresponding structure will a 
be successful. Unfortunately, however, satisfactory interpretation ordi- ; 
narily involves much more than the simple discovery of the geophysical 
maxima (or minima) and an analysis must be made which involves a : : 
knowledge of the mathematics of interpretation as well as of the known, : ‘ 
probable, or possible geophysical reaction of known, probable, or possible a : 
formations and structures in the area. ; 
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TORSION-BALANCE SURVEY OF ESPERSON SALT DOME, 
LIBERTY COUNTY, TEXAS: 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


The Esperson salt dome was discovered in a torsion-balance survey made by the 
Union Exploration Company late in 1928. The discovery well of the oil field on the 
dome was completed in the summer of 1929. The torsion-balance survey showed the 
presence of (1) a large minimum indicating the Esperson dome, (2) a similar minimum 
due to the South Liberty-Dayton salt dome, and (3) two maxima, one of them due to 
the interference effect of the Esperson and South Liberty-Dayton minima, and the 
other to the interference effect of the Esperson minimum and the minima of the Moss 
Bluff, Lost Lake, and Barbers Hill salt domes. The approximate form and position 
of the Esperson dome on a northeast-southwest profile were calculated by the writer’s 
chart method. The calculations seem to indicate that the respective salt cores of the 
Esperson and South Liberty-Dayton domes must extend to a depth of 15,000+ feet and 
be broader at the base than at the top. The center of the Esperson minimum is shifted 
about % mile south-southeastward from the center of uplift as approximately 
defined by drilling. Shifts of the center of the minimum away from the center of up- 
lift may be due to (1) asymmetry of the dome, (2) regional gradient, (3) a spine of salt 
rising into the neutral zone, (4) local anomalies. A certain degree of indefiniteness is 
inherent in the torsion-balance indication of the exact position and depth of a deep 
salt dome, but additional uncertainty is produced by some methods of interpretation. 
The torsion-balance data offer no criteria for determination of the presence or absence 
of deformation of the super-salt beds. Four types of gravity maxima may be present 
in the Gulf Coast region: (1) salt-dome maxima produced by shallow salt domes, (2) 
inter-dome maxima produced by the interference effects of the salt-dome minima, (3) 
structural maxima, and (4) sedimentary maxima. 


INTRODUCTION 


Location —The Esperson dome, also known as the Sheeks dome, is 
about 30 miles northeast of Houston and is in the southwest part of 
Liberty County. It lies immediately south of the Southern Pacific 
Lines’ main line east from Houston to Beaumont and of the Old Spanish 
Trail between Houston and Beaumont. 

History—The Esperson salt dome was discovered by a torsion- 
balance survey made by the Union Exploration Company (now merged 
with Cranfill and Reynolds Oil Company) in the late summer and early 
fall of 1928. The report is current that the Union Exploration Company 
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had information that a seismic irregularity had been found at that 
locality. The torsion-balance survey showed very strongly the probable 
presence of a deep salt dome. But before the prospect was drilled, the 
seismic work failed to disclose the presence of a dome, and as general 
opinion placed more dependence on the results of seismic work than on 
torsion-balance work, the prospect was regarded rather dubiously. One 
seismic troupe, however, reported that a very definite irregularity was 
present, but that the salt had not been detected. The first two wells 
drilled were dry, but showed differential uplift on the top of the Jackson 
in the amount of about 200 feet. The discovery well, Moores Bluff No. 
1, was completed by Harvey Smith early in August, 1929, at a depth of 
3,304-3,320 feet. It produced 800 barrels of 24° Bé. oil per day. By Feb- 
ruary of the following year, about eight producers had been completed 
with a mean daily production of approximately 2,000 barrels. 


TORSION-BALANCE SURVEY 


The major features of the gravity picture mapped by the torsion 
balance are: (1) a large minimum central around the oil field, (2) two 
somewhat lesser maxima respectively northeast and southeast of the 
minimum, and (3) the southwest edge of a big minimum in the extreme 
northeastern corner of the area surveyed (Fig. 1). The gradient ordi- 
narily ranges from 2 to 7 E.' except on the profile to the northeast through 
the William Duncan survey; the gradient on that profile ranges from 5 
to 12 E. As is common in areas of small gradient, the orientation of the 
gradient is somewhat irregular; notwithstanding that irregularity, 
the gradient clearly depicts the large minimum and strongly suggests 
the northeast and southeast maxima and the northeast minimum. Those 
two maxima and the northeast minimum are dealt with very incompletely 
by the present survey; therefore, they are not as well defined as the 
Esperson minimum. 

The Esperson minimum is the surficial gravity expression of a deep- 
seated salt dome which seemingly controlled the accumulation of the oil 
to form the Esperson oil field. The form and limits of the uplift are not 
yet clearly outlined by the drilling. A tentative contouring of the 
structure of the oil field has been attempted in Figure 2, but is probably 
only a very inaccurate first approximation. The four wells which en- 
countered the Jackson at the respective depths of 5,182, 5,381, 5,303, 
and 5,654 feet suggest very strongly that the center of uplift lies in the 
southern part of the C. W. Fisher Survey. 


'Eétvis units = 10° dynes per gram per horizontal centimeter. 
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Fic. 2.—Sketch map showing relation of structure to gravity minimum. 


Correlation on the 2,300-foot oil horizon suggests a northwesterly 
dip between the wells around the southeast corner of the D. L. Kokernut 
Survey, and, with well No. 2 in the center of the C. W. Fisher Survey, 
suggests that the center of uplift lies about 1% mile southeast of the south- 
east corner of the D. L. Kokernut Survey. Lithologic and oil-sand 
correlation in the Gulf Coast region is inaccurate and unsatisfactory 
because the prevalence of many lensing sands makes it impossible to 
determine whether or not the same sand is used in different places. 
The delineation of the dome in Figure 2 is, therefore, subject to consid- 
erable change with the progress of future drilling. The center of the 
gravity minimum lies about ’ mile north of the Cranfill and Reynolds 
well, C. W. Fisher No. At, and is approximately 114 miles southeast of 
the center of uplift, shown in Figure 2. 

The gravity minimum at the northeast corner of the area surveyed, 
in the main, is the minimum produced by the South Liberty-Dayton dome. 
The South Liberty-Dayton dome is one of the old known and much drilled 
domes. Structure contours based on drilling data are shown in Figure tr. 
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The last gradient values at the northeast end of the northeast profile are 
larger than can be accounted for by the effects of the South Liberty- 
Dayton dome and may be affected by local irregularities in the soil, or 
may mark the edge of the Trinity River valley. 

The gravity maximum northeast of the Esperson dome may be re- 
garded either as the interference effect of the two minima, the Esperson 
minimum and the South Liberty-Dayton minimum, or as the anomaly 
produced by the prism of sediments between the two salt domes. It is 
impossible to have two independent valleys without an intervening 
ridge and, similarly, it is impossible to have two independent minima 
without an intervening maximum. This maximum can be seen to lie ex- 
actly half way between the respective centers of the Esperson and South 
Liberty-Dayton salt domes. 

If the anomaly of density is regarded as concentrated in the salt core 
and if the relative density is negative, each salt dome will produce a 
gravity minimum which will be appreciable for a considerable distance 
out from the edge of the dome, which is about 1% times the depth of the 
bottom of the salt mass. If two salt domes of equal size and depth are 
closely adjacent, the interference of their respective gravity minima will 
produce a gravity maximum midway between the two domes. If the 
anomaly of mass is regarded as concentrated in the prism of sediments 
between the salt domes and if the sediments are regarded as heavier than 
the salt, the prism of sediments necessarily will produce a gravity max- 
imum centrally located above the prism of sediments. 

The suggested maximum in the Louie Davie Survey southeast of 
the Esperson dome similarly is the maximum between the Esperson 
minimum and the minima of the Moss Bluff, Lost Lake, and Barbers 
Hill salt domes. 

CALCULATED CROSS SECTION 


The results of a quantitative study of the position and cross section 
of the Esperson dome are given in Figure 3. 

The observed gradient profile is given by the solid line in the pro- 
file at the top of the figure. This profile is a resultant composed of: (A) 
the gradient profile produced by the Esperson dome, (B) the gradient 
profile produced by the South Liberty-Dayton dome, (C) a possible re- 
gional gradient, (D) the gradient profile produced by structure possibly 
smaller and probably shallower than the salt domes, and (£) local sur- 
ficial irregularities. 
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The gradient profile of the South Liberty-Dayton dome can be cal- 
culated with a fair degree of approximation. The form, position, and 
composition of the dome are known to a depth of 4,000 feet. Assump- 
tions must be made, however, in regard to the form of the dome below 
that depth and in regard to the ultimate depth of the dome. The density 
relations are known only approximately. The average specific gravity 
of the cap rock of the Gulf Coast salt domes is 2.6. On different domes, 
the specific gravity differs with the character of the cap rock, but in 
the present calculations, the cap rock of the South Liberty-Dayton 
dome is not an important factor because it lies at such a shallow depth 
that its lateral effect on the gradient is negligible within the areas of the 
present survey. The average specific gravity of the salt of the Gulf 
Coast salt domes is approximately 2.19, but may be as low as 2.16 or as 
high as 2.22. These figures are based on a considerable series of labor- 
atory determinations of hand specimens made under the writer’s direc- 
tion and other determinations made by his colleagues. The figures also 
represent samples of salt from Texas and Louisiana domes. The specific 
gravity of the sediments is not well known. The writer’s assumptions 
are that within the upper 500 feet of the surface, the specific gravity of 
the sediments ranges from 1.9 to 2.05 as an average and tends to be at 
the smaller value near the coast and the larger value farther inland; 
that from 2,000 to 4,000 feet, the specific gravity is about 2.20; from 
4,000 to 8,000 feet, 2.25; from 8,000 to 12,000 feet, 2.30; and below that 
depth, 2.25, and possibly at a very great depth, 2.40. These assumptions 
are based in part on the laboratory determinations of specific gravity of 
cores at depths down to 3,500 feet and in part on deductions from quan- 
titative calculations in connection with torsion-balance surveys on salt 
domes. In the laboratory determination of the specific gravity of cores, 
a geologist was on the derrick floor when the core was recovered, took a 
sample of the core as nearly uncontaminated as possible, and determined 
the specific gravity before the sample had time to dry. In quantitative 
calculations on domes such as Belle Isle and Cote Blanche, in which the 
salt is very close to the surface and in which drilling has shown that the 
salt is normal in composition and does not contain an abnormal content 
of anhydrite, the observed gravity gradient definitely necessitates that 
the salt be regarded as of much higher density than the surrounding sed- 
iments, and in order to get a satisfactory fit of the calculated with the 
observed gradient profiles, it is necessary to assume a relative density of 
+o.3 for the salt if it is within a few feet of the surface and if the dome is 
near the coast. The gradient at a dome such as Belle Isle shows definitely 
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that the dome as a whole has positive relative density down to a depth of 
about 2,000 feet, and the amount of the cap rock present as determined by 
drilling is not sufficient wholly to account for this positive effect, and the 
salt down to a depth of 2,000 feet itself must have a faint positive relative 
density. In the calculation in connection with any particular dome, the 
trial and error method is used to see whether the writer’s assumed normal 
relative density or an assumption of less or greater relative density gives 
the best fit of the calculated with the observed values. The South Lib- 
erty-Dayton dome was assumed to extend to a depth of 15,000 feet, 
to have a simple regular form with flanks flaring slightly with depth, 
and to have a normal relative density. The gradient profile was then 
calculated by the writer’s graphical chart method" with a chart especially 
designed for calculations of salt domes. A calculated gradient profile 
was obtained which is shown by the dashed line with the crosses at the 
points for which calculations were made. 

The observed gradient profile algebraically less the gradient profile 
of the South Liberty-Dayton dome will then be the resultant of A, C, D, 
and £, respectively, the gradient profile of the Esperson dome, the re- 
gional gradient, the profile of lesser structures, and of surficial irregularity 
and density. 

The presence of a regional gradient can not be detected because the 
present survey does not cover a sufficiently wide area, but from the 
symmetry of the gradient profile, the guess would be justified that no 
considerable regional gradient is present. It is possible, however, that a 
regional gradient of 1 or 2 E could be present and would not be noticed. 
From inspection of the gradient curve, it is impossible to detect the 
gradient effects of less pronounced structure, although a few slight 
irregularities seem to be present and seem not to be referable to the 
effects of the salt dome. The quantitative calculations, however, sep- 
arate approximately effects of different order; therefore, they tend to 
differentiate the effects of local structure, the effects of the large salt 
dome, and the effects of the more regional features. The form of the 
gradient profile of a salt dome is not affected by the superimposition of a 
uniform regional gradient, and in calculation it would be impossible to 
get an agreement of fit of calculated with observed gradient profile by 
the moulding of the top of the salt dome. It would be possible only by 
assuming some very much deeper or very much more widespread density 
differences. 


‘Donald C. Barton, “Calculations in the Interpretation of Observations by the 
Eétvés Torsion Balance,’ Geophysical Prospecting, 1929, (Amer. Inst. Min. Met. Eng., 
1929), pp. 480-504. 
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The approximate position and form of the Esperson dome as shown 
in Figure 3 was calculated by the writer’s graphical method. The known 
factors on which to base the assumptions for the calculations were the 
general form and symmetry of salt domes, the symmetry of the Esperson 
minimum, the data from drilling indicating that the dome did not extend 
to such a distance from the surface, and the normal density relations. By 
the trial and error method of calculations, a wide series of possible domes 
was calculated, and the dome with the cross section shown in Figure 3 
was found to give the closest fit of calculated profile with observed pro- 
file. The sum of the calculated profiles for the Esperson and South Lib- 
erty-Dayton domes is shown by the profile of the short dashes with the 
solid circles at points at which calculations were made for the Esperson 
dome. The fit is not so good throughout the area between the two 
domes and seems very definitely to suggest that there is some extra heavy 
mass under station 4, lying with its center of gravity at a depth of 3,500 + 
feet. From the deviation of the observed gradient profile from this cal- 
culated profile between stations 6 and 2, it would be impossible math- 
ematically to get a closer fit by remodeling either the Esperson or the 
South Liberty-Dayton dome, and the lack of fit of the calculated with 
the observed profiles between stations 6 and 2 must be attributed to 
some variation of density in the sediments, at a depth of less than 5,000 
feet and in a horizontal position between stations 3 and 5. The lack of 
fit of the calculated with the observed gradient profile northeast of station 
6 may be due, however, to the fact that the observed gradient profile at 
the right of station 6 is based on very few stations and probably is not as 
accurate as the observed gradient profile at the left of station 6. The 
agreement in fit of calculated with observed gradient over the area of the 
profile suggests that no regional gradient is present. 

The specific gravity of the salt at its several depths compared with 
the specific gravity of its sediments at the same depths is not known def- 
initely and the problem is to arrange a variation which will produce 
appreciable differences in the size, and to a less extent in the shape and 
position, of the calculated dome. The calculated series of domes corres- 
ponding with a series of assumptions in regard to the relative density 
are in general more or less concentric and similar in form, with their 
centers of gravity at about the same position. 

The top of the dome necessarily can be calculated only very indefi- 
nitely. The relative density of the salt above 7,000 or 8,000 feet is very 

small and is approaching zero at a depth of 3,000 - 5,000 feet. Small 
' variations in the conformation of the top of the salt mass, therefore, 
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produce no appreciable effect on the gradient at the surface, and it is 
practically impossible to tell whether or not the top of the salt core lies 
at a depth of 6,000 or 7,000 feet, and the difference between a depth of 
6,000 and 8,000 feet in the depth to the top of the salt core produces 
only a very small difference in the calculated profile. The fit of the cal- 
culated with the observed gradient profile seemed to be a little closer 
if the top of the salt was placed at 6,000 feet rather than at 8,000 feet, 
and in the section of Figure 3 the salt mass is shown rising to a depth of 
6,000 feet below the surface, but it will be in no way surprising if drilling 
shows its depth to be much greater. 

The depth to the bottom of the salt mass also is given only very in- 
definitely by the calculations. Because of the law of the variation of the 
effect according to the inverse cube of the distance, the effect of a unit 
mass at 15,000 feet is very much less than the effect of a unit mass at 
7,500 feet. The depth to the bottom of the salt dome could be 16,000 
or 17,000 feet as well as 15,000 feet. The depth might also be 14,000 
feet, but it can not be much less or it would be impossible to get a satis- 
factory fit of the calculated with the observed gradient profiles. A ten- 
tative study was made with the assumption that the salt mass extended 
down to a depth of 20,000 feet; but on the basis of the present assump- 
tions in regard to the relative density compared with the surrounding 
sediments, no satisfactory fit of calculated with observed gradient pro- 
file could be obtained. The writer and his colleagues have not had time 
to continue these studies and it is possible that by the use of a different 
series of assumptions in regard to the relative density, a satisfactory fit 
of calculated with observed profiles could be obtained. The present 
suggestion, however, is that the depth to the base of the salt dome is 
nearer 15,000 than 20,000 feet. 

The suggestion has been made, more particularly in regard to the 
Roumanian domes, that many salt domes may pinch out in depth and 
have the form of an inverted pear with the stem downward. Above the 
depth of 15,000 feet, such a cross section is entirely impossible for the 
Esperson and South Liberty-Dayton domes. It would be entirely im- 
possible to get a satisfactory fit of the calculated with the observed gra- 
dient profiles on the basis of any suggested assumptions in regard to the 
form of the two domes. 

Indefiniteness in the calculation of the dome is due also to the in- 
completeness of the torsion-balance data on which the calculations have 
to be made. The probable error of the torsion-balance observations in 
this area is of the magnitude of 1-3 Eétvés units with any azimuth. 
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The gradient profile west of station 6 is a smoothed profile drawn on a 
basis of a very considerable number of stations; therefore, it is probably 
accurate within + 1 Eétvés unit, and possibly within + 14 Eétvés unit, 
but within those limits of error, a considerable series of gradient profiles 
can be drawn and a slightly different dome will correspond respectively 
with each profile. The gradient profile northeast (right) of station 6 
(Fig. 3) is based on a very few stations; therefore, the probable error of 
the smoothed observed gradient profile is considerably larger and a 
considerably greater number of more widely divergent equally probable 
profiles can be drawn. Errors in this part of the curve will cause a greater 
indefiniteness in the calculation of the base of the two domes than in 
the form and position of the upper part of the Esperson dome. 


SHIFT OF CENTER OF MINIMUM 


The shift of the center of the Esperson minimum away from the 
center of uplift may be caused by four factors: (1) asymmetry of the 
dome, (2) regional gradient, (3) a spine of salt rising into a neutral zone, 
and (4) local anomalies of gravity at shallow depths. Asymmetry in a 
structure will produce a horizontal shift in the position of the center of 
the gravity anomaly away from the position of the crest of a structure. 
Coincidence between the respective position of the crest of a structure 
and the gravity anomaly produced by the structure exists only if the 
structure is symmetric. If the structure is asymmetric, the center of 
the gravity anomaly is shifted horizontally toward the position of the 
center of gravity of the structure. If the asymmetry of the structure 
is pronounced, the horizontal position of the gravity anomaly lies a 
considerable distance down the gentle side of the structure. 

A regional gradient causes a shift of the center of the gravity 
minimum down the regional gradient, that is, in the direction opposite 
to that in which the gradient arrows of the regional gradient are flying. 
If the gradient 1 mile north and 1 mile south of the center of a minimum 
is 5 E and if a regional gradient of 5 E north is superimposed, the ob- 
served gradient 1 mile north of the center of the minimum will be 5 +5 
= 10 E and 1 mile south of the center of the minimum will be 5— 5=o E, 
and the apparent center of the minimum will have been shifted to a 
point 1 mile south of the true center of the minimum. The regional 
gradient may be either a true regional gradient, which is fairly. uniform 
over the whole area, or it may be the sum of the effects of the major 
structural features surrounding the structure which is being analyzed, 
or it may be the sum of a truly regional gradient and of the effects of 
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such surrounding major structures. The regional gradient at the Esper- 
son dome can be seen to be composed of the effects of the South Liberty- 
Dayton, the Moss Bluff, the Lost Lake, and the Barber’s Hill salt domes, 
and probably the North Dayton salt dome, and may also contain a truly 
regional gradient, but the presence of the truly regional gradient can 
not be deduced on the basis of the rather limited area of the present 
survey. 

A spine of salt projecting into the neutral zone in which the salt has 
the same density as the surrounding sediments would cause a very great 
shift of the center of the minimum from the position of the center of up- 
lift in the upper salt beds. At Esperson it is possible that the neutral 
zone extends to a depth of 7,000 feet. If the short spine of salt rose from 
7,000 to 5,000 feet, the presence of the salt in that spine could not be 
detected by any gravitational method, but the spine would be the crest 
of the salt dome and would control the deformation of the super-salt 
beds, and also control the accumulation of oil. 

Local anomalies of density in the super-salt sediments may produce 
an apparent shift of the center of the minimum if the magnitude of its 
gravity anomaly is considerable. If a local anomaly similar in magnitude 
to the lack of fit of the calculated with the observed profiles between sta- 
tions 6 and 2 (Fig. 3) occurred from station 4 to station 6 with the 
center at station 7, and the gradient profile of this anomaly were super- 
imposed on the gradient profile of the Esperson dome, the apparent 
center of the Esperson minimum would be shifted about % mile west 
from its present position and the shift would have no relation to the salt 
dome. 

INDEFINITENESS IN INDICATION OF DOME 


An indefiniteness is present in the indication of the position of the 
crest and in the indication of the depth of very deep salt domes by the 
torsion-balance method. A torsion-balance survey may indicate def- 
initely the presence of a very deep salt dome, but it may be impossible 
to determine the position of the center of uplift from the torsion-balance 
survey with sufficient accuracy for the location of test wells. The in- 
definiteness in part depends on the method of the interpretation and in 
part on the amount of data available. The first and simplest but not the 
most accurate method of interpretation is to assume that the center of 
the minimum marks the center of the dome, but on account of the factors 
which may cause a shift of the center of the maximum, the observed 
center of the minimum commonly does not coincide in position with the 
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center of the dome. If the torsion-baiance survey includes a large area, 
it may be-possible to make an approximate determination of the regional F 
gradient and to subtract the regional effects from the observed effects, z ¥ 


thus obtaining a first approximation to the true position of the center 
of the minimum. This second method gives a better determination of 
the center of the dome, but that determination is subject to the uncer- 
tainties consequent upon the facts: (1) that the center of a gravity anom- 
aly does not necessarily coincide with the anomalous mass which pro- 
duces it, (2) that the very small value of the relative density of the upper 
part of the salt causes the gradient effect produced by the upper part 


of the salt to be very small, (3) that certain local anomalies can not be ; d 
eliminated by inspection, and (4) that a salt spine in the neutral zone Mua 
will produce no gravitational effect. A third, and theoretically the most . J 


accurate, method of determining the position of the dome is to calculate 

its probable form and position. The effects of the regional gradient and 

of local anomalies largely fall out in such calculations. The calculations o 

may be made, however, only if fairly good and fairly long profiles are rs 
available across the dome. But the form and position of a dome deter- i 
mined by such calculations in no way show the location of the center of . 2 
uplift in which the oil man is primarily interested. Normally torsion- Ed 
balance surveys for deep domes should be regarded as reconnaissance 
surveys which may definitely locate the presence of a deep dome and its 
approximate position, but will not give an accurate determination of the 
crest of the dome. The torsion-balance survey normally should be sup- 
plemented by a seismic survey to countour the seismic horizons in the 
super-salt formation, thus determining the center of uplift. 

An additional uncertainty in regard to the deep salt domes indicated 
by the torsion balance lies in the absence of indication of the presence 
or absence of uplift in the super-salt beds. 

Geologically, it is probable that the uplift on certain domes may % 
have ceased very remotely, in early Tertiary time. The lack of deforma- . 
tion of Pleistocene beds above some domes indicates the absence of 
appreciable uplift of those domes since some time in the Pleistocene. 
The large mounds of the Five Islands, Damon Mound, Davis Hill, sug- 
gest very definitely uplift within the very recent geologic past. Geo- bi 
logically, there seems to be no reason why uplift on some of the very 7 


deep domes may not have ceased early in Eocene time. The late Eocene a 
and post-Eocene beds above the salt, therefore, would show no deforma- c 
tion, would not offer favorable structure for the accumulation of oil, and a if 
would not allow the drill to confirm the presence of the dome until the _ ; 


drilling was carried into the lower Eocene. However, the gravity anom- 
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alies produced by such domes may be entirely identical with the anomalies 
which would be produced by the domes if they had been uplifted 500 feet 
within post-Pleistocene time; and post-Pleistocene uplift of the salt core 
to the extent of 500 feet probably would provide exceptionally favorable 
structural conditions for the accumulation of oil. 


GRAVITY MAXIMA 


Gravity maxima, one type of which is represented by the maxima 
of the present survey, are present in three or perhaps four types in the 
Gulf Coast salt-dome area: (1) salt-dome maxima, (2) inter-dome maxima, 
(3) structural maxima, and (4) sedimentary maxima. 

The salt-dome maximum is the characteristic gravity anomaly 
produced by the upper part of a shallow salt dome. The maximum in 
the main is the effect of the cap rock, but in part also is the effect of the 
salt mass itself in exceptionally shallow domes near the coast. The 
maximum has a slightly larger diameter than the top of the dome, a 
relatively flat top, and relatively large gradients in a relatively narrow 
zone immediately above the flank of the cap. The magnitude of the gra- 
dients in the zone of maximum gradient commonly ranges from to to 
30 E and, less commonly, 40 to 150 E. 

The inter-dome maximum is of the type shown in the present 
survey. It may be thought of as being produced by the interference of 
two large minima, or as being the gravity anomaly produced by the 
prism of sediments between the salt domes. The maximum tends to 
have rather long, gentle slopes without the relatively narrow zone of 
relatively large gradients which characterize the salt-dome maxima. 
The magnitude of the gradient commonly ranges from 3 to 10 E. Where- 
as the salt dome maxima are circular to sub-circular, the inter-dome 
maxima more commonly are somewhat irregular in plan and are elon- 
gated. If the maximum is produced by the interference of only two 
minima, it will take the form of a ridge or of two ridges, but if three 
minima form an approximately equilateral triangle, the maximum 
may be fairly symmetrical. The difference between the inter-dome 
maxima and a salt-dome maximum was not recognized in the early days 
of torsion-balance work. The inter-dome maxima were recognized as 
not being characteristic salt-dome anomalies, but it was hoped that they 
might be anomalies produced by moderately deep domes. A series of 
wells was drilled on them, with entirely negative results, as a maximum 
of this type is the most unfavorable location in which to expect to find 
oil in the Gulf Coast region. 
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Maxima produced by structural domes probably are present in the 
Gulf Coast region, but are rare. The writer has seen a torsion-balance 
map of one anomaly which seems to him to indicate non-salt-dome 
structural doming of some type. It is a much more definite maximum 
than the characteristic inter-dome maxima and no salt domes are known 
either from drilling or geophysics which would cause an inter-dome 
maximum at that place. The presence of structural uplift has been con- 
firmed by seismic work, and there is some paleontological evidence which 
seems to indicate the presence of the uplift. 

Maxima and minima due to initial inhomogeneity in the density of 
the sediments theoretically seem probable. Such anomalies should be 
more irregular than the other types of anomalies, and in general should 
be smaller areally. A common former interpretation of any maximum 
which was drilled unsuccessfully was that it was the effect of a “gravity 
bed,” but now many of those maxima are known definitely to be of the 
inter-dome type produced by the interference of two or more salt-dome 
minima. ‘Sedimentary’? maxima may be present. Several maxima 
have been seen by the writer which he would classify as of that type. A 
minimum of this type was mapped at Cote Blanche, where there is a 
thickening of the soft light surface clays from 50 to several hundred feet 
in thickness immediately above the crest of the salt core. 
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ELECTRICAL PROSPECTING FOR OIL STRUCTURE! 


KARL SUNDBERG? 
New York, N. Y. 


ABSTRACT 


Electrical prospecting methods were originally developed for the purpose of find- 
ing ore. Only recently have electrical methods been applied to oil prospecting. Some 
investigators assert that oil can be located directly as an insulator by electrical methods, 
but this is believed to be possible only under extremely favorable conditions, which 
occur in very few places. 

Both potential and electromagnetic methods have recently been applied to struc- 
tural studies. Electromagnetic methods, so far as developed at present, are believed 
to have broader applicability because of greater depth penetration. 

The Swedish electrical methods for structural studies are described, and the pos- 
sible applications discussed. The conclusion is that these methods have broad applica- 
tion and that they are particularly suitable for detail work, especially in faulted re- 
gions. 

Results of electrical surveys in the salt-dome district of Texas and Louisiana, the 
Balcones fault zone in central Texas, and the West Texas Permian basin are presented 
and are compared with results of drilling. Most of the electrical pictures agree well 
with the geological. 

A party of two or three engineers and twelve or fifteen helpers can survey an area 
of 1-6 square kilometers a day. The depth reached generally ranges from 500 to 1,500 
feet. 


GENERAL 


Although the application of geo-electrical methods to prospecting 
for oil is only a few years old, electrical prospecting methods have al- 
ready been highly developed. 

As is commonly known, oil is an insulator, that is, it does not con- 
duct electricity; an oil deposit, therefore, differs in regard to electrical 
conductivity from the surroundings, which ordinarily are more or less 
conductive. Therefore, if the surroundings of an oil deposit are homo- 
geneous in regard to their electrical conductivity, there is the theoretical 
possibility of locating oil directly by electrical methods. 

However, all oil deposits are accompanied by salt water, which is a 
good conductor for electricity, and above an oil-bearing stratum there 


"Read before the Association at the New Orleans meeting, March 21, 1930. Man- 
uscript received by the editor, March 3, 1930. 


Vice-president, Swedish American Prospecting Corporation, 26 Beaver Street 
New York, N. Y.; managing director, Aktiebolaget Elektrisk Malmletning, Stock- 
holm, Sweden. 
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are ordinarily many salt water-bearing beds, many with good electrical 
conductivity. These conducting beds may produce strong electrical 
effects, which may obscure and mask the effects possibly produced by 
the deeper oil-bearing bed. All attempts to locate oil deposits directly 
by electrical methods have, therefore, failed, and it now seems that fur- 
ther attempts for this purpose are justifiable only in fields with very 
shallow oil. 

However, the widely varying conductivity of the beds above an oil 
deposit offers a possibility of using electrical methods indirectly in 
searching for oil. If, for example, a sedimentary bed at a depth of a few 
hundred meters has a higher electrical conductivity than any of the 
strata above it, the depth to this key bed can be determined electrically 
from the surface at any point in a specified field; thus, the configuration 
or structure of the sedimentary beds can be studied. 


METHODS AND THEIR APPLICATION 


The electrical methods used for mapping structure in the search for 
oil can be classified in the same way as the electrical prospecting methods 
used in the mining industry. There are only two such methods of any 
importance which have become generally known. One is an entirely 
galvanical method; the other is entirely inductive or electromagnetic. 

The first method, which supplies current to the ground galvanically 
and measures the electric field of the ground current galvanically, is 
generally termed the resistivity method. The Gish-Rooney process, 
which is the most widely known adaptation of this method, uses a system 
of four ground contacts placed with equal spacing on a straight line. 
An electrical current, the strength of which is measured, is sent through 
the ground between the two extreme points, and the resulting potential 
difference between the two intermediate points is measured. The data 
thus obtained, combined in a simple formula with the distance between 
the electrodes, show the resistivity of the block of ground in the vicinity 
of the electrode system. The resistivity thus measured is an average 
value, composed almost wholly of the resistivities close to the electrodes, 
and influenced only in a degree by conditions farther away from the elec- 
trode system. Resistivities at a subsurface depth greater than the 
distance between the extreme electrodes have aimost no influence on the 
readings. Thus, the electrode spacing determines the depth which can 
be reached by the investigation; by increasing the distance between the 
electrodes, deeper and deeper blocks of ground can be reached by the 
measurements. When the results obtained from such a series of measure- 
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ments are compared with the electrode spacing used, it is possible to 
determine whether a change in resistivity has occurred, and if so, to de- 
termine the depth at which it occurred. 

This method, which has several variations in regard to configuration 
of the electrode system, the kind of current used, et cetera, has been 
applied in determining the depth of soil in erosional valleys (for dam sites), 
the depth of ground-water levels, and the location of faults and shallow 
salt domes. Excellent results have been obtained, especially by deter- 
mining the depth of bed rock under overburden. Two domes in Rou- 
mania, in 1923, and two salt domes in Alsace, in 1926, were discovered 
by the Schlumberger resistivity method. 

However, in prospecting for structures associated with oil deposits, 
the resistivity methods seem to be at a disadvantage, because they are 
ordinarily restricted to the study of geologic conditions at comparatively 
shallow depths. According to the theory for the potential distribution 
on the surface caused by subterranean layers of differing resistivity, 
changes in resistivity of a few hundred per cent produce effects of the 
same order (probably half the magnitude) as the effects produced by 
insulating or metallically conducting layers. Inasmuch as all the changes 
in resistivity of the sedimentary beds, encountered from the surface 
down to a comparatively shallow depth, influence the electric field at 
the surface, the total effect of these many influences tends to overshadow 


and obscure the effect expected from a pronounced change in resistivity. 


at a greater depth. 

The area most thoroughly investigated with regard to surface con- 
ductivity, with which the writer is familiar, is the Balcones fault zone in 
central Texas. Figure 1 shows typical results in this area, indicating the 
average specific conductivity to a depth of 6 meters, determined accord- 
ing to the Gish-Rooney principle at every 200 meters on the profile. 
The ratio between these surface conductivities in points 200 meters 
apart is shown on the profiles. Inasmuch as the average dip is 4-5 per 
cent, a horizontal distance of 200 meters corresponds with a depth of 
8-10 meters; it is apparent that great conductivity changes occur at 
comparatively shallow depths overshadowing effects from greater depths. 

Notwithstanding this limitation, the resistivity method has been 
proved of great value in many oil fields. Such a study of geologic con- 
ditions at shallow depths can be very useful. It has been possible, for 
example, in many places to determine the contact between different 
formations more quickly and accurately by this method than by geo- 
logical observations, although the beds are exposed. Also by the re- 
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Fic. 1.—Profiles showing variation of surface conductivity in the Balcones fault 
zone. 
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sistivity method, domal structure has been outlined by the “equi- 
resistivity lines” obtained by connecting points of equal resistivity of 
the shallow surface beds. This, however, can not well be applied every- 


be related to the subsurface structure. 

The second of the two methods most widely applied in electrical 
prospecting for oil structure is the electromagnetic method developed 
by the engineers of Aktiebolaget Elektrisk Malmletning and the Swedish 
American Prospecting Corporation. By this process electrical currents 
are caused to flow in the conducting sedimentary beds by electromag- 
netic induction, and the electromagnetic field of these subsurface currents 
is studied at the surface by suitable measuring arrangements. 

The procedure of the field work is here outlined. A long, insulated 
copper cable is laid on the ground, generally in the shape of a large 
rectangle. An alternating electric current of moderate frequency is 
sent through this cable, and the resulting electromagnetic field is meas- 
ured on the ground along transverse profiles which cross the cable at 
regular intervals. Generally the electromagnetic field is measured on 
each transverse line at several different distances from the cable, and 
both the horizontal and vertical components of the field are measured 
in regard to amplitude and phase. The measuring apparatus consists 
of a search coil of copper wire of convenient size and a compensating 
arrangement, by means of which the electromotoric force induced in 
the search coil is measured. The measuring arrangement is so calibrated 
that it measures the field vectors in semi-absolute units, that is, in micro- 
gauss (a millionth part of a gauss) per ampere of primary current in 
the cable. The vectors measured are expressed by their real (in-phase) 
and imaginary parts, and the readings obtained are thus referred to a 
cartesian codrdinate system, as shown in Figure 2. 

Figure 2 shows two curves from a vector diagram for the vertical 
electromagnetic field at the surface, at a distance of 200 meters from the 
primary cable. The vector diagram is constructed from theoretical cal- 
culations of the electromagnetic field from the currents induced in a con- 
ducting sheet of large horizontal dimensions, by an alternating current 
in a long straight cable, stretched parallel with the surface of the con- 
ducting sheet. The theory and the elaborate mathematical formulas 
on which these calculations were founded have been checked by labor- 
atory experiments and tests in the field. 

The abscissa axis, designated the real component axis in the figure, 
represents the direction of field vectors which are in phase with the 


where, because ordinarily the resistivity of the surface beds may not - 
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primary current. The ordinate axis, termed the imaginary component ‘ 
axis, represents the direction of field vectors which have a phase differing 
\% period, or 90°, from the primary phase. 

The dotted curve is the locus for a point representing the field from i 
a horizontal conducting sheet of certain electrical properties. If this ae 
layer is at the surface, the reading obtained is represented by the point 
marked o on the figure; if the layer is at a depth of 100 meters, the read- ie 
ing falls at the point marked 100 on the dotted curve, et cetera. . 

The solid curve in the figure is the locus for a point representing | 
the field from a horizontal conducting layer at a depth of too meters. 
If the conductivity or thickness of a layer at this depth decreases, the é 
point representing the field moves along the solid curve toward the 
higher numbers on the curve, and vice versa. 

It is evident from this diagram, that if only one conducting layer bs 
is present at a certain depth under the surface, both the depth and the —— 
electrical properties of this layer can be determined by the method de- 
scribed, by measuring the vertical component of the electromagnetic 
field at only one point. Inasmuch as there are similar diagrams for the ? vale 
horizontal field component, the same result can be obtained by measur- | 
ing, at one point at the surface, the horizontal electromagnetic field. g 

In order to determine depths and electrical characteristics of several Bs 
beds, it is ordinarily necessary to take readings of both the vertical and 
the horizontal field components at several points on the transverse lines, 
at different distances from the cable. The theoretical problem of calcu- 
lating the electromagnetic field caused by conducting beds one below an- 
other has been solved, and there are vector diagrams similar to those 
already mentioned, which include the compound effect of several layers. ir 
By the standard field procedure, as already described, the number of 
data obtained is generally two or three times more than necessary for 
solving the number of unknown factors in the problem. There is, there- sale 
fore, always ample material from the electrical survey to enable one to ae 
assign the electrical effects observed to the several different layers and ES. 
to determine the depths and characteristics of all the beds. Although ie 
the exact solution of this problem for each transverse line surveyed is 
very laborious and time-wasting, field experience has shown that con- ; 
ditions are generally similar in large areas, thus enabling an experienced | 
operator to simplify the interpretation. 


POSSIBILITIES FOR APPLICATION 


The application of the electromagnetic method for structural studies 
presupposes the presence in the sedimentary series of layers or beds with 
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considerably higher conductivity than the overlying rocks. The method 
is not sensitive to the minor changes in conductivity of the different beds, 
already mentioned as a serious handicap to the resistivity method in 
regard to its ability to reach sufficient depths. On the contrary, one 
may question whether there is always a probability of the presence of 
the conducting key beds, without which the method can not be applied. 

To this one might reply that the conducting beds have been present 
at suitable depths wherever the method has been applied in oil fields. 
However, discussion of the geological reasons for this fact and of the 
factors determining the conductivity of rocks may also be interesting. 

All rocks are porous to some extent, and the pores are partly or 
entirely filled with water, oil, and gas. Dry rock-minerals, with the 
exception of the ore minerals of metallic luster, can, in this connection, 
be considered non-conducting. The electrical conductivity of a rock is, 
therefore, practically determined by two factors: (1) percentage volume 
(V) of water in the rock, and (2) specific resistance (R) of the water in 
the rock pores. 

The resistivity of a certain rock is PR where P is a resistance factor 
depending on the percentage of water volume (V). The relation between 
P and V, as found by theoretical calculations confirmed by experimental 
investigations, is given in Figure 3. If a rock contains 20 per cent water, 
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Fic. 3.—Relation between resistance factor (P) and percentile volume (V) of 
water in rocks. 
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the figure shows the resistance factor to be 11, and if the resistivity (R) 
of the water is 1,000 ohms/ cm’, the resistivity of the rock will be 11 x 
1,000 = II,000 ohms/cm’. 

The percentage volume of water in a rock can not, of course, be larger 
than the total pore volume. Many geologists believe that the pores in 
rocks beneath the ground-water level are generally entirely filled with 
water. The electrical resistivity of such rocks is, therefore, determined 
by pore volume of the rocks and resistivity of the water filling the pores. 

The average pore volume and, therefore, the water content for 
different rock types are shown in Table I, after Blumer’s “ Die Erddl- 
lagerstatten.”’ 


TABLE I 

Pore Per 

Rock Volume Cent 
Fine-grained granite................... 0.05 0.45 
Coarse-grained granite................. 0.36 


The electrical conductivity of waters has not yet been much studied, 
but chemical analyses of waters, from which the specific electro-resistance 
of the waters can be calculated, are more generally available. The 
accurate calculation is rather complicated, but it can be stated accurately 
enough for practical purposes that the specific resistance of a natural 
water is generally determined by its content of chlorine. The relation 
between chlorine content and specific resistance is shown in Figure 4. 

For present purposes, the waters may be classified as follows: (1) 
surface waters, above the ground-water level; (2) ground waters; and (3) 
subsurface waters, beneath the ground waters. 

Inasmuch as the chemical composition and the specific resistance of 
these waters varies tremendously, it is difficult to give general figures. 
In most areas the surface waters are purer than ground waters, and many 
of the subsurface waters are concentrated solutions. The magnitude 
of the specific resistance of surface and ground waters in pre-Cambrian 
regions is 3,000-30,000 ohms/cm!; in areas of young sediments, 200-2,000 
ohms/cm’. Many subsurface waters show a specific resistance of only 
10-100 ohms/cm:. 
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By the use of these resistivities and the pore volumes shown in 
Table I, Table II has been prepared, showing the magnitude of the 
resistivity of different rocks. 


TABLE II 


SPECIFIC RESISTANCE (OHMS /CM3) 


Rock Pores Filled with Surface or Pores Filled with 
Ground Water Salt Water 
Limestone and sandstone 100,000-1 ,000,000 500-4,000 
Sand and clay 40,000- 400,000 200-2,000 
Marl, “‘loess” 2,000- 20,000 20- 200 


From Table II is it evident that the variations in electrical conduc- 
tivity of sedimentary beds are great enough to make probable the pres- 
ence in every locality of some beds with much higher conductivity than 
all of the beds above them. 

Another question that might be asked is whether the configuration 
of the conducting layers mapped by this electrical method can be ex- 
pected to represent, in every place, the geologic structure. 

This can not be expected for conducting sheets encountered at very 
shallow depths. For example, the electrical conductivity of layers at 
the very surface is large enough to influence geo-electrical readings ma- 
terially. Clayey surface beds, with large pore volume and large capacity 
for retaining water, may show very strong influence on the electrical 
readings. The configuration of these beds, of course, is not generally 
related to the geologic structure. 

The ground-water level also commonly represents a conducting 
surface that has a certain influence on the geo-electrical readings. The 
configuration of the ground-water level is determined, as Figure 5 sche- 
matically indicates, both by the geological structure of the water-bearing 
beds and by the topography of the surface. Therefore, a mapping of 
this configuration, though indicating the geological structure, gives no 
true structural picture. 

Below the ground-water level, however, water of a certain concen- 
tration seems everywhere to follow a certain bed, thus making this bed a 
conducting sheet, the configuration of which gives an accurate picture 
of the geologic structure. This parallelism between certain waters and 
the sedimentary beds is exemplified in several geological sections given 
by A. C. Veatch in his important paper, “Water Conditions in Northern 
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water 


Fic. 5.—Diagram showing that ground-water level is more nearly parallel with 
the surface than with the structure. 


Louisiana, Southern Arkansas, and Adjacent Regions,” published in 
the Louisiana Geological Survey Report for 1905. H. E. Minor, in his 
paper on ‘Chemical Relations of Salt-Dome Waters,” published in 1926 
by The American Association of Petroleum Geologists, points out that in 
the Gulf Coast fields a structure map based on a water of specified con- 
centration is, as a matter of fact, more reliable than a structure map 
based on the ordinary stratigraphical identification of different beds, 
inasmuch as the stratigraphical correlation of beds is extremely difficult 
because of abrupt thickening and thinning, whereas the salt content of 
the water for a producing horizon remains almost constant, although 
the sands themselves are not continuous. 

Structural mapping by electrical methods should, therefore, be 
confined to the deepest conducting layers possible to reach. 

The conductivity of the surface beds or the beds at the ground-water 
level in a certain locality may be so high that it is impossible to penetrate 
electrically to the beds beneath, because of the screening effect of the 
upper beds. Inasmuch as this screening effect can be reduced by the 
use of lower frequency of the current, it is generally possible to penetrate 
to greater depths through a shallow conducting layer of comparatively 
large influence on the geo-electrical readings. 


PRACTICAL RESULTS 


The Swedish electrical methods for mapping structures have been 
applied in the United States during the last three years in Texas, Louis- 
iana, and California. In Texas and Louisiana investigations have been 
made in the salt dome district of the Gulf Coast, in the Balcones fault 
zone in central Texas, and in the West Texas Permian basin. 
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SALT-DOME DISTRICT 


The success of seismic methods in the salt-dome district of the Gulf 
Coast is well known. Several known salt domes have been surveyed 
electrically and the dome of each has been indicated. The possibility 
of locating salt domes by electrical methods is thus proved. As a matter 
of fact, salt-dome indications have been found outside of known domes 
in the surveys, but the corresponding indications have not yet been 
drilled. Generally, it will be cheaper to make the reconnaissance survey 
for salt domes on the Gulf Coast by seismic methods, but when a salt 
dome has been found, it can be advantageously mapped in detail by 
electrical methods. Experience indicates that the mapping of faults 
related to the domes, generally impossible by any other geophysical meth- 
od, is entirely feasible by the electrical method. 

Figures 6 and 7 show electrical surveys of two salt domes in Texas. 
The electrical results are represented by contours on the top of the mapped 
conducting bed, constructed from the depth determinations at the points 
shown. The “salt indications” represent areas where the depths ob- 
tained are infinite, indicating the conducting bed to be absent, because 
of the non-conducting salt mass. Near these salt indications the beds 
generally show domal structure and are faulted according to the elec- 
trical survey, as in the two examples shown. Comparison of the electri- 
cal results with the well data shown in Figures 6 and 7 indicates that the 
salt domes have been very accurately outlined by the electrical survey. 
On the side of the dome shown in Figure 7, some oil was produced. 
Two wells, No. 18 and No. 19, have been drilled outside of the proper 
dome structure, close to the fault indication C-D. Well 18 has been a 
producer for more than a year, and it is reasonable to connect the pro- 
duction with the fault, which was found by the electrical survey. 


BALCONES FAULT ZONE 


The most important problem of the economic geology of the Bal- 
cones fault zone is that of mapping faults. This mapping must be done 
very accurately in order to find possible closures, because a slight bend 
in the strike of the fault may be sufficient to produce the closure, as 
Figure 8 indicates. An area of approximately 4,000 square kilometers 
(1,500 square miles) in the Balcones fault zone has been investigated 
electrically, and many indications of faults have been found. Thirty- 
eight of the fault indications have been further investigated by drilling, 
and thirty-one indications were proved to be faults. In five places the 
wells did not give conclusive proof, and in two places the electrical in- 
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Fic. 6.—Electrical survey of Hawkinsville salt dome. 
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Fic. 7.—Electrical survey of Orchard salt dome. 
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Closure 
Fic. 8.—Diagram showing that a slight bend of a fault may produce a closure. 
dications which were proved not to correspond with faults were prob- 
ably due to a pinching-out of the conducting beds. 

Figure 9 shows in detail the electrical results obtained. The main 
fault indication A-B seems to indicate a closure (compare Fig. 8). This 
fault, which was mapped in approximately one month, is parallel with the 
producing area, as the map shows. When the electrical survey began, 
only one well, a wildcat, was producing, and the configuration of the 
fault was unknown. Later drilling proved the electrical picture correct, 
the mapped conducting bed being practically parallel with the key beds 
(Austin chalk, Edwards limestone) encountered in the wells. 


WEST TEXAS 


In the Permian basin of West Texas the problem has been that of 
locating and mapping anticlines and other important structural features. 
Figure 10 shows the result of an electrical survey in the northern part of 
the Yates field in West Texas, compared with later drilling. The figure 
shows the contours on the top of the electrically mapped conducting bed, 
together with available well information, from which have been con- 
structed subsurface contours on the top of the producing limestone. 
In a comparison of these geological contours with the electrical, the 
general parallelism is striking, the crest of the geological anticline coin- 
ciding with the crest of the electrical anticline, and strike and dip ac- 
cording to the electrical survey agreeing very well with actual strike and 
dip, except in some details in the southwestern part of the surveyed 
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area. There is reason to believe that this disagreement is due to inac- 
curate correction for very rough topography, for which there was little 
experience for guidance. Later experience has improved the topograph- 
ical corrections. 

The electrical survey showed three northwest-southeast fault indica- 
tions in the drilled area. The wells permit the coutours at the eastern 
and middle faults to be drawn as indicated, proving the possibility that 
the electrical indications correspond with actual faults. At the western 
fault indicated in Figure 10, too few wells exist to make any certain con- 
clusions possible. 


SPEED OF WORK AND DEPTH REACHED 


For the conditions in Texas and California it has generally been 
found sufficient to survey profiles 4-1 mile apart, and to determine the 
depth to the subsurface conducting beds at points 200 meters apart along 
the profiles. Where subsurface conditions are very nearly uniform, this 
interval in reconnaissance work may be increased to 400 or to as much as 
soo meters. In open, flat country 15 points can be surveyed in one day 
by one crew, consisting of two or three engineers and twelve or fifteen 
helpers. In country with rugged topography or dense bush five points 
may be surveyed daily. Consequently, the area surveyed in one day 
ranges from 6 square kilometers to 34 square kilometer (1,600 to 200 
acres). Thus the cost per acre is from $0.20 to $1.60. 

At the present stage of development of the technique, the electrical 
picture is generally obtained at depths ranging from 500 to 1,500 feet 
below the surface. 
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GEO-ELECTRIC INVESTIGATIONS OF NON-CONDUCTORS 
—FOUR NEW EXAMPLES'! 


NORBERT GELLA? 
Houston, Texas 


ABSTRACT 


This article is a theoretical and practical explanation of the application of geo- 
electric methods in oil fields. If favorable subsurface conditions exist, valuable results 
can be obtained by using several methods in combination. Close coéperation with 
the geologist is of utmost importance. Four examples of practical, successful work in 
oil fields of Germany, Poland, and Roumania are given. 


This method, as well as every other geophysical method, has caused 
many debates, and should be used only with the aid of a geologist. 

Although the underlying principles of geo-electric investigation can 
not be considered in this paper, three different methods are mentioned: 
(1) the integral method, using different frequencies with direct wire con- 
nections to the ground, which takes the integral of all current lines, 
circulating below the receiving set; (2) the potential-difference method, 
which determines, by means of the quotients of the intensity, the re- 
sistance of the different succeeding formations of the subsurface; and 
(3) the induction method, which determines only good conductors, like 
salt water, by means of a secondary electromagnetic field. 

These three methods can be used as follows: (1) the integral method 
is used as a reconnaissance measure to discover whether disturbances 
exist in the magnetic field of force; (2) if such disturbances exist, the 
potential difference method is used; (3) if necessary, the induction method 
can be applied to determine the good conductors. 

The integral and the potential methods have the advantage in that 
they are also well qualified to locate deep deposits, as calculations by 
such geophysicists as J. Kénigsberger’ and J. N. Hummel} have recently 


‘Read before the Association at the New Orleans meeting, March 21, 1930. Man- 
uscript received by the editor, March 10, 1930. 


Director of geophysical department, Piepmeyer and Company, Kassel, Germany; 
Esperson Building, Houston, Texas. Introduced by John F. Weinzierl. 


3J. Kénigsberger, ‘‘ Ueber geoelektrische Methoden mit direkter Stromzuleitung,” 
Gerlands Beitraege sur Geophysik (Vienna, Austria, January, 1930). 


4J. N. Hummel, Zeitschrift fiir Geophysik, Band 4 (1928); 4 and 5 (1929). Gerlands 
Beitraege zur Geophysik, Band 20 (1928). 
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proved. An experiment in a deep shaft in the Harz Mountains in Ger- 
many showed that the intensity at a depth of 3,000 feet was approx- 
imately % of the intensity measured at the surface. This proves that 
with normal, natural humidity conditions % of the surface current is in 
circulatiqn at that depth and that it creates strong deformations of the 
electric-current field, the effect being shown on the picture of the inte- 
gral current. 

The deciding factor is not the proportion of the conductivity, but is 
the proportion of the differences to the total of the two conductivities. 
Although the magnitude depending on the conductivities is not definitely 
or theoretically important, it may have a maximum value if the con- 
ductivity of the deposit is either very large or very small in comparison 
with the semi-sphere of the surroundings. These constants also are 
obtainable, although the conductivity of the deposit may be ten times 
smaller or larger than the conductivity of the semi-sphere. 

In order to obtain satisfactory results by the electric methods on 
non-conductors, certain conditions are required. The horizontal exten- 
sion of the non-conducting matter perpendicular to the current lines 
must be not less than approximately '/, of the depth; with more favor- 
able conditions, the maximum extension must be not less than '/, of the 
depth. The decrease of the conductivity of the deposit must be ‘/,- 
‘4 of the normal surrounding mass, according to the theoretical articles 
by K6nigsberger and Hummel. The depth of the deposit can be de- 
termined from the changes of the curvature of deformed current lines, 
and by a special grouping of the sending and receiving stations, namely, 
the placing of the electrodes at variable distances, from the deformation 
zone, obtained by reconnaissance investigation. 

The maximum influence of deformations can be obtained best in 
the outer space of the electrodes, on the extension of the connecting line 
of two point-electrodes, which is called the dipole axis. The distance 
from the nearest electrode must be at least equal to the depth of the center 
of the deposit, but it is not necessary that deposits be close to the surface, 
as some geophysicists assert. 

It is always advisable to take the readings outside of the densest 
concentration of the current lines, preferably near the adjoining area 
of the outer extension of the dipole axis. The skin effect in this outer 
space has no noticeable influence, because the current lines can not be 
attracted by the connecting wire. Field experiments and calculations 
have shown that the skin effect is very small, when frequencies below 
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500 Hertz (cycles) are used. Greater depth effects can be obtained with 
lower frequencies. 

Inasmuch as it is difficult to determine the nature of the deviations 
obtained by the integral method, such determinations have to be made 
with other geo-electric methods, namely, the so-called quotient method, 
and the intensity and induction methods. The geological conditions 
and the problem to be solved determine which one should be used. 

In locating non-conductors at great depth, another factor must be 
considered, which was recently investigated, both theoretically and 
practically, by another physical method. The electrical properties of the 
oil deposits extend farther than the deposit can be profitably worked. 
Laboratory tests showed that a sand originally saturated with oil, then 
charged with salt water, retains oil by capillary attraction, and is, there- 
fore, a poorer conductor than normally wet sand not impregnated by 
oil. Gas, mostly methane, slowly, but continuously, emanates from the 
deposits, especially deposits of light oil. This gas diffuses and travels 
very slowly upward, extending either in a large diffusion cone or along 
faults or other structures. Gas pushes the water out of the pores and 
fissures of the rocks and formations, and makes them non-conducting. 
For example, coal containing carbonic acid is a perfect insulator. How- 
ever, if coal is of natural humidity and does not contain carbonic acid, 
it conducts like the surrounding rocks. In some places this gas diffusion 
has caused deformations, distinct but limited in area. 

To prove that accurate results are obtained by geo-electric 
methods, four examples are cited, which show the great advantage these 
instruments offer geologists and oil companies. 

The first example is the investigation made in Germany on the 
flanks of the Ilsede and Nienhagen salt domes. Old formations, 
which have been pushed up, surround these salt domes in some places, 
like saddles. At the edges of these saddles, oil deposits are known to 
exist in the Jurassic, Cretaceous, and, in some places, Tertiary forma- 
tions. 

In Oberg, on the flank of the Ilsede salt dome, the Jurassic anti- 
cline is 750 feet below the surface (Fig. 1). The apex and the strike of 
the anticline are geologically known. The anticline dips southeast. 
Considerable oil has been produced from several wells on the apex of the 
anticline, at depths as great as 1,600 feet. Geologists surmised that the 
productive oil zone extended around the anticline, the boundary of which 
was not known. It was supposed that adjacent to the petroliferous area 
there is a syncline with salt-water horizons. The area (approximately 
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GEOLOGICAL and SCHEMATIC SECTIONS of the SALTDOME 
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1 square mile) investigated by all methods was adjacent to the known 
productive zone and included also the area in which geologists expected 
to find a salt-water horizon (Fig. 2). The interpretation of all the meas- 
urements by the integral method indicated three different zones: at the 
north, a very poor conducting zone, adjoining a strip of changing con- 
ductivity, and in the south a decidedly good conducting zone. The quo- 
tients obtained with the potential-difference method indicated that the 
poor conducting zone was entirely non-conducting, with a slope of approx- 
imately 15° SE. The induction measurements confirmed the good 
conductor at the south, showing that salt water must be present at a 
depth of approximately 2,400 feet. The boundary shown in Figure 2 is 
partly determined by well 61, well Egon, and well 66, drilled or finished 
after the survey. Salt water was encountered at 2,400 feet in well Robert 
in the southern part of the field, but there was no showing of oil. Because 
of the dip of the anticline, the oil is displaced gradually by the salt-water 
horizon. This displacement explains the previously mentioned doubtful 
zone. 
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The second example is an investigation on the boundary of the Ju- 
rassic anticline near the Nienhagen salt dome (Fig. 3). A strip of good 
oil-producing zone in the Jurassic and the Cretaceous formations is proved 
by many wells. Oil is produced from these formations on the anticline 
and the flank of the salt dome. The geologists and the oil companies 
supposed that this strip of the producing zone also followed the turning 
of the salt dome at its northern end. Drilling was done at the assumed 
northern edge of the Jurassic saddle, but no oil horizons were found there. 

A simple electric survey in 1925 indicated a non-conducting zone 
northwest of the already known productive zone, in a direction not 
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expected by the geologists. The electric indications were not believed at 
that time, but a check survey, made 1 year later, which indicated again 
the strip of the non-conducting zone in the same northwestern direction, 
vindicated the electric method. A new drilling company, 2 years 
later, made the first test in the southern extension of the previously 
mentioned strip, and encountered oil at 2,400 feet, in commercial quan- 
tities. There are now approximately twelve wells in this new field. 
Exact boundaries of the non-conducting area were, of course, not deter- 
mined by this simple investigation, which used only the integral methods 
of the early days. But the important fact is that electric methods were 
the first to define the non-conductor in this wholly unexplored territory. 
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A third example shows the application of electric investigations in 
a folded territory in Poland, between the well known anticlines of Bory- 
slaw and Schodnica. Cretaceous formations have been folded and up- 
lifted many times. Oil horizons occur on the tops of these anticlines 
(Fig. 4) and salt water is encountered in the synclines between the anti- 
clines. 


M = MENILITESLATES, cower oucocene J = JAMNA SANDSTONE 
E, = UPPER EOCENE Cr= CRETACEOUS 
E, = LOWER EOCENE 


-% 4.—Diagrammatic section of anticlines of Schodnica and Wapaniarka, 
Poland. 


The task was to explore the structure in an area of approximately 3 
square miles, and to outline on which one of the geologically assumed 
anticlines non-conductors exist. The results are shown in Figure 5. A 
very distinct anticline in the western part is rather wide and plainly 
indicated by the electrical data. This main anticline becomes smaller 
toward the southeast and disappears below the Eocene sandstone at the 
south. A distinct zone of non-conductors, measured also by the intensity 
method, was indicated on the top of the anticline; good conductors, 
such as salt water, were distinctly shown on both sides. This anticline 
has a small fracture (dislocation) which was distinctly indicated by the 
electric survey. In the center of the investigated field, a broken zone with 
mostly good conductors was indicated, and in the eastern part two anti- 
clinal ridges, seemingly almost parallel, did not show any poor conductors. 
An approximate depth of goo feet was determined in the western part, 
and 1,200 feet in the eastern part, where the anticline disappears. 
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Several wells were already drilled before the investigations were made. 
Some of them had encountered salt water, and some were producing oil 
at a depth of approximately 1,200 feet. These wells, however, were not 
located exactly on top of the anticline. After the investigations, wells 
5 and 6 were drilled exactly on the indicated apex, and both produced 
oil in larger quantities than the wells already drilled. The company 
geologist, in close codperation with the party making the interpretation, 
confirmed the electric results in all points. The electric data obtained 
outlined the structure and the presence of non-conductors exactly and 
in detail. 

The fourth example is the result of the investigation near the Moreni 
salt dome in Roumania.' Tertiary formations raised on the flanks of 
the dome (Fig. 6) contain extraordinarily productive oil horizons. The 
productive zone of Moreni was known to extend almost around the salt 
dome, except on the southeastern flank. Therefore, the extension of the 
oil horizons toward the south had to be determined. It was thought 
that a large syncline, containing salt water, adjoined the oil horizons, 
and it was important to know how far drilling could be extended without 
encountering salt water. The undrilled area of approximately 1 square 
mile south of the wells already drilled was investigated (Fig. 7). The 
investigation located a very good conducting zone south and east of the 
territory, whereas non-conducting zones prevailed in the northern part. 
A definite boundary could not be found because of the dissemination 
caused by the overlying formations, but a strip indicating the changing 
conductivity was outlined. North of this strip lies the non-conductor; 
south and east a good conductor exists. Within the stated boundary of 
the poor conductor, two wells were drilled, one in the western part, and 
the other in the northeastern part. Both wells produced from the same 
horizons, at approximately 3,000 feet. This indicates that the course 
of the boundary of the poor conductor actually turns toward the north- 
east, because, if it went in a different direction, the oil-bearing formations 
in the eastern well would be at a shallower depth. 

Other examples of the successful application of the different electric 
methods can not be given in this paper. However, some of the possi- 
bilities of these methods used on non-conductors in American oil fields are 
cited. Practical experience during several years has shown that these 
methods are especially suitable where distinct structural conditions 


'Toma P. Ghitulescu, “‘Sur l’application des méthodes géophysiques 4 la pros- 
pection du sous-sol en Roumanie.’”’ Extrait de la revue les Annales des Mines de 
Roumanie, Anée 13, No. 1 (1930). Bucharest, Roumania. 
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prevail, and where the horizontal extension of the oil deposits is in the 
required ratio to the depth of the horizons expected to be productive. 
Sand lenses, as they occur in some West Texas territories at shallow 
depths, can also be determined by these methods. The boundaries of the 
productive areas can, of course, also be determined. The dip of conduct- 
ing or non-conducting formations, as in the pools in northwest Texas, 
can be indicated by these mnethods, although the slope may be only a few 
degrees. 

It may at first thought seem surprising that electric investigations 
include a smaller area per month than the torsion-balance or seismic 
methods. The reason for this is that electric investigations represent 
work of a more detailed nature because actual field work is itself de- 
tailed. The fact must also be taken into consideration that geo-electric 
methods are quite different from the methods of field surveys. It is 
difficult to state the time required for an electric survey, because this 
depends on the conditions of the particular territory and special problems 
involved. Generally, a survey of approximately 2 square miles necessi- 
tates 1 month of work. After deformation zones have been defined, 
more detailed work is required. The advice of the local geologist also 
must be secured. 

The writer hopes that in the near future more use will be made of 
electric methods in American oil fields, to the end that they may prove 
in this country, also, their effectiveness under favorable conditions. The 
fact is again emphasized that codperation with geologists is positively 
necessary where geo-electrical or any other geophysical methods are 
used. The application of other geophysical methods is also advisable 
in order to check results secured by geo-electrical methods. 
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ELECTRICAL SURVEY OF STRUCTURAL CONDITIONS 
IN SALT FLAT FIELD, CALDWELL COUNTY, TEXAS! 


HELMER HEDSTROM? 
Houston, Texas 


ABSTRACT 


The writer points out the difficulties in mapping the oil structure of the Balcones 
fault zone in Texas in the usual way, by a study of surface geology. Core drilling has 
been used in many places, but has not proved very successful on account of the un- 
certainty involved in identifying the beds and in correlating them between holes. 

He discusses the application, in this area, of the Sundberg electromagnetic method 
of mapping structure, describing the basic principles and showing it to be much 
superior to core drilling in speed and efficiency. 

The survey made by the Sundberg method in the Salt Flat, or Bruner, oil field 
was begun in October, 1928, when only the discovery well was productive, and before 
the trend of the producing fault structure was known. The fault was mapped elec- 
trically by one surveying crew in about a month, and the later development of the 
field has proved the results correct, as shown by the map. A comparison of these 
electrical results with the data obtained from later drilling gave excellent agreement, 
as shown by five different profiles across the field. 


GENERAL 


The Salt Flat, or Bruner, oil field is situated on the northeast side 
and in the immediate vicinity of the town of Luling, Caldwell County, 
Texas, in a flat or gently rolling country. The surface beds belong to 
the Wilcox formation, of Eocene age, composed of sands and clays, 
weathering to yellow or reddish brown clayey sand. The beds have a 
southeast dip of 4-5 per cent and are nearly parallel with the underlying 
Cretaceous beds, the top of which occurs at a depth of about 1,000 feet. 

The field is one of the many related to the well known Balcones 
fault zone, which extends at least 350 miles approximately southwest 
and northeast through the eastern part of Texas. It was developed in 
the latter part of 1928 and was the second oil field of the Balcones fault 
zone to be productive from the Edwards limestone (Lower Cretaceous), 
which is here found at a depth of 2,700 feet. Some oil is also produced 
from the Austin chalk of the Upper Cretaceous, at a depth of 2,300 feet. 


‘Read before the Association at the New Orleans meeting, March 21, 1930. Man- 
uscript received by the editor, March 6, 1930. 


?Field manager, Swedish American Prospecting Corporation. Introduced by 
D. C. Barton. 
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STRUCTURAL GEOLOGY 


The oil pools of this region are located along the traces of faults, 
which occur en échelon in a zone approximately parallel with the Bal- 
cones zone, but 20-35 miles on the east, or gulfward side, of this great 
displacement. The main Balcones fault system is characterized by a 
large downthrow on the east side, but the “secondary” zone of faults, 
which has caused the structure favorable for oil accumulation, has the 
downthrow on the west side, that is, on the side up the dip of the sed- 
imentary beds. Where a fault in this zone is of such size that it can be 
traced along the strike of the beds for miles, and especially where it 
curves in such a way that both ends trend down the dip of the beds, 
closures are formed which have been found favorable for oil accumulation. 


CONDITIONS AFFECTING GEOLOGIC MAPPING OF STRUCTURES 


The main problem in the search. for new oil fields in this area is to 
find the fault structures and to map their trend. This can be done by 
a study of the surface geology, because there is no disconformity of im- 
portance between the producing horizons and the surface beds. 

In this surface work one must consider, however, that the surface 
reflection of the faulting in the competent Cretaceous beds may be very 
weak, because of lessening of the displacement in passage through the 
soft and yielding Tertiary beds. The fault plane, also, may change from 
the steep west dip that is characteristic in the Cretaceous beds, to a very 
gentle, or almost horizontal, dip at the surface, as a result of absorption 
of the vertical displacement along the bedding planes of the unconsol- 
idated clays, shales, and sandstones. In some places it has not been 
possible to find at the surface any trace of pronounced faults found by 
drilling in the Cretaceous beds, the faulting evidently being of pre- 
Tertiary age. Further, there is the possibility that minor faults may 
be present in the surface beds, which disappear within relatively shallow 
depths and which are not directly connected with any faulting in the 
deep-seated competent Cretaceous beds. 

As most of the known producing faults can be traced, however, on 
the surface, a study of the surface geology is most important in the search 
for new oil fields in the Balcones fault zone. Unfortunately, this surface 
work is very difficult and unsatisfactory because most of the surface 
is soil or recent alluvium and because the definite beds that do crop out 
ordinarily lack fossils and differentiating lithologic features. Core drilling 
has been used in many places, but correlation of the Wilcox sand and clay 
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beds between different drill holes has proved somewhat doubtful because 
of the lens-like character of the beds, and other irregularities. In order 
to obtain reliable results from core drilling for the study of surface geology 
in this area, the drill holes must be spaced comparatively close, which, 
of course, makes the method slow and expensive. 


SUNDBERG ELECTROMAGNETIC METHOD FOR STRUCTURE STUDIES 


A geophysical method for the study of structure at moderate depths, 
which has been successfully used in the Balcones fault zone during the 
last 3 years, is the electromagnetic method of Sundberg, which is 
more fully described in another paper.' This method is based on the fact 
that there exist in the sedimentary column certain beds, or a system of 
beds, which on account of their electrical conductivity cause a pro- 
nounced shielding effect on electromagnetic fields penetrating into the 
subsurface. This reaction of such subsurface beds can be measured on 
the surface of the ground, and from the data thus obtained it is possible 
to compute the depth to the corresponding bed and also its electrical 
characteristics, the so-called induction factor, which depends on its 
thickness and its electrical conductivity. 

The electrical conductivity of sedimentary beds is due to the water 
held in their pores, and to the salt content of that water, saline water 
being a good conductor of electricity. As the salinity of the water held 
in the pores, as well as the water content, varies considerably between 
successive members of the sedimentary column, there are everywhere 
certain beds or a system of beds with a considerably higher induction 
factor than adjacent beds, which are therefore suitable as key beds for 
structure mapping by the electromagnetic method. Figure 1 shows that 
each of the different formations represented in the surface beds along the 
Balcones fault zone has its characterizing average electrical conduc- 
tivity. The data given in this figure were compiled from many resistivity 
determinations of the surface beds in different localities, using the Gish- 
Rooney principles. Similar pictures are obtained if each of the formations 
shown in the figure is divided into its different members. There is an 
alternation of blocks in the sedimentary column, each with its character- 
izing conductivity and thickness, and among these are to be found the 
key beds of the electromagnetic method of Sundberg. 

Along the sedimentary beds, however, the combined effect of con- 
ductivity and thickness, that is, the induction factor for a certain system 


'Karl Sundberg, “Electrical Prospecting for Oil Structure,’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 14, No. 9 (September, 1930), pp. 1145-1163. 
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of beds, changes only very gradually, if it changes at all. This makes 
it possible to identify and follow through a considerable area the same 
electrical key bed, the configuration of which, of course, corresponds 
with the geologic structure. 

It can be shown theoretically that most of the electrical key beds, 
determined by the electromagnetic method, must correspond with a 
series of strata at least 200 feet thick. Such a key bed therefore includes, 
for example, many of the sandy clay and clayey sand members of the 
Wilcox formation in Texas, and a pinching-out of a few of these members 
consequently does not affect the individual characteristics of the elec- 
trical key bed nearly as much as it affects the correlation between core- 
drill holes. It is further known that nearly all of the horizons of saline 
water, which are the ultimate cause of the conductivity of the key beds, 
parallel the geologic structure, and that they keep their characteristic 
salinity very persistently, though the sedimentary beds they follow may 
be subject to abrupt thinning or thickening. 

It seems reasonable to suppose, therefore, that the trouble, resulting 
from pinching or gradual change of the sedimentary beds, encountered 
by an electromagnetic survey of electrical key horizons, will be less than 
the trouble encountered in a structure study based on correlation between 
core-drill logs. 

The Sundberg method is much more rapid than core drilling, one 
electrical surveying crew completing 250-300 points of observation a 
month, compared with the 15-20 drill holes of 500-600 feet depth that 
the more expensive core drilling can average per month. It is therefore 
economical to put the observation points of the electromagnetic method 
comparatively close together, which also makes it possible to follow the 
electrical key horizon continuously throughout long distances, without 
the danger of losing the key bed between observation points, as happens 
in core drilling, because of pinching. 

Everything considered, it seems, therefore, that the Sundberg 
method of structure mapping, compared with core drilling, is much more 
efficient and better adapted to the local conditions in the Balcones fault 
zone. 


APPLICATION OF SUNDBERG METHOD IN SALT FLAT FIELD 


In the Salt Flat field the Sundberg method was used in October, 
1928, almost at the same time that the first Edwards limestone well was 
completed, commencing the drilling campaign in the field. Until that 
time only a small amount of oil had been produced from a few wells 
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completed in the Austin chalk. The scant geologic information obtained 
from these wells had indicated the probability of an important oil pool 
at greater depth, in the Edwards limestone, an4, although the trend of 
the producing fault structure was not known, a large tract of land had 
already been leased when the discovery Edwards limestone well was 
completed. 

The electrical survey was made along profiles staked on the ground, 
approximately at right angles to the anticipated trend of the fault struc- 
ture, and spaced 4-1 mile apart, as shown in Figure 2. Along each of 
these profiles was laid out a thin insulated copper cable, several miles 
in length. Through the cable was sent an alternating electric current, 
supplied by a generator outfit, carried on a small truck. The electro- 
magnetic field thus set up around the electric current in the wire was 
measured, in regard to direction, strength, and phase, at different dis- 
tances from the cable, along short transverse lines staked at right angles 
to the long profiles. The measuring apparatus, consisting of a search 
coil, compensator arrangement, and amplifier, was carried by two men 
assisting the observer. The cross lines, each representing one station 
of depth determination to electrical key beds, were spaced 600 feet apart 
along the profiles. On an average,.eleven such stations were surveyed 
per day and per surveying crew, making a total length of profile surveyed 
of about 1% miles per day, including all computing and office work. 

The electrical key bed followed by this survey occurred at depths 
ranging from 400 to 700 feet. As shown in the five sections of Figure 3, 
which are parallel with the surveyed profiles, the variation of the depth 
determined to the key bed indicates, in the course of several miles, a slight 
dip toward the southeast. In places this gradual increase of depth east- 
ward is suddenly interrupted, and the key bed appears a few hundred 
yards farther southeast on a considerably higher plane. The points on 
the different surveyed profiles where these displacements occur, as shown 
in Figure 2, are in one continuous line, which represents the trend of a 
fault in the Wilcox beds. 

The long “electrical fault,” shown in Figure 2, was mapped by the 
Sundberg method in approximately 1 month. Throughout a large part 
of its length the fault indicated a closure, and, as shown by the figure, 
that part of the electrical indication is parallel with the producing area 
developed by later drilling. 

In order to compare the fault structure found electrically in the 
Wilcox beds with the structure of the deep-seated Cretaceous beds as 
revealed by later drilling, five sections across the Salt Flat oil field have 
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SECTIONS ACROSS BRUNER FAULT, TEXAS 
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Fic. 3.—Comparison between electrical results and geologic structure in Salt 
Flat (Bruner) field. Horizontal scale in meters; vertical, in feet. The angle of hade 
shown in each section is correct although the drawing does not show the graphic or 
true size of the angle because horizontal and vertical scales are not the same. 
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been constructed, along the lines shown in Figure 2. On these sections 
adjacent drill holes have been projected, with the data that have been 
published regarding the depths found to the geological key horizons of 
the Cretaceous. 

The result of the comparison is given in Figure 3, where the five 
sections are plotted. This figure shows that, with an assumed average 
dip of the fault plane varying from 20° in the northern part of the field 
to 27° in the southern part, the electrical fault indications are in excellent 
agreement with the displacements found by drilling in the Austin chalk 
and deeper strata. 
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MAGNETIC SUSCEPTIBILITY AND MAGNETITE CONTENT 
OF SANDS AND SHALES' 


D. M. COLLINGWOOD? 
Dallas, Texas 


ABSTRACT 


During a study of the relation between small magnetic anomalies of a local survey 
and the magnetic susceptibility of the rocks, chiefly sands and shales, comprising the 
surface outcrop and shallow section, several susceptibility determinations of core sam- 
ples were made. These were made in a field laboratory by means of an apparatus 
consisting of a laboratory magnetometer and energized solenoids in which the core 
specimens were placed. The core samples were classified according to lithology, and 
the percentage of magnetic minerals (chiefly magnetite) in them was determined. The 
susceptibility determinations were made in a field of approximately 18 gauss. For 
this and other possible reasons, they are not considered true in an absolute sense for 
rocks in place in the earth’s field. However, the results, which are true in a relative 
sense, show a definite increase of susceptibility with increase of magnetic mineral 
content, and indicate that the susceptibility increases from shales through sandy 
shales and shaly sands to sands. 


While making a systematic geological study of an area in La Salle 
and McMullen counties, Texas, which included a study of the Fayette 
and Yegua formations at the surface, the writer had an opportunity to 
check geophysical surveys with a detailed structural survey by core drill. 

In connection with the magnetometer survey of the area, magnetic 
susceptibility determinations of many core samples were made as they 
were taken from the drill. A mineralogical analysis of these core samples 
was made, and the percentage of magnetic minerals approximately 
determined. Correlations were made between the magnetic susceptibil- 
ities of the rock samples and their content of magnetic grains, also be- 
tween the average susceptibilities of the beds and formations in the 
shallow section and the relative magnetic intensities at the surface ob- 
served during the survey of the outcrops of the section studied. 

The susceptibility determinations were made in an apparatus con- 
sisting of solenoids and a laboratory magnetometer. The effect on the 
magnetometer needle of magnetic induction in the core sample, when 

*Read before the Association at the New Orleans meeting, March 21, 1930. Man- 


uscript received by the editor, May 20, 1930. Published by permission of the Sun Oil 
Company, Dallas, Texas. 
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placed inside energized solenoids, was measured by a comparison solenoid 
in which the current was regulated to give the same deflection of the mag- 
netometer. This delicate apparatus, having several other features in 
order to obtain accurate results, was constructed, at the suggestion of the 
writer, by John A. Goff, a physicist then in the employ of the Sun Oil 
Company. The apparatus was installed in a tent on a vibration-proof 
table with concrete supports, and, under adverse field conditions, was 
successfully operated by Goff. 

The susceptibilities thus measured were determined in a field of 
approximately 18 gauss, or approximately 40 times the vertical com- 
ponent of the earth’s field for that locality. For this and other possible 
reasons the results probably do not represent absolute values of the sus- 
ceptibility of the rocks as they exist in place in the earth’s crust. How- 
ever, the values were accurately checked and are true in a relative sense. 

In determining the content of magnetic minerals, 19 typical samples 
of the cores used for the susceptibility measurements were weighed, 
washed until they disintegrated, and the soluble, colloidal, and suspended 
matter decanted. After the total residue had been weighed, the mag- 
netic grains were removed with a magnet and weighed. The results, 
indicating a direct relation between magnetic susceptibility and content 
of magnetic minerals (chiefly magnetite), are shown in Table I and 
Figure tr. 


GRAMS 


10 20 30 40 
MAGNETIC SUSCEPTIBILITY x 102 


WEIGHT OF MAGNETITE IN |[OOGR.OF SAMPLE 


Fic. 1.—Curve showing relation between magnetic mineral content and mag- 
netic susceptibility. 
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TABLE I 


Speci- |Weight of Sample, Weight of Sample 


Weight of Magnetic Magnetic 


men Before Washing | After Washing Minerals Susce plibility 
(Grams) (Grams) (Grams) 10s 
Ds50-282 100 2.3% 
D42-119 100 2.77 
DoA-325 100 3-01 
D19g-100 100 3-05 
D13-386 100 5.29 
D23- 50 100 } 39.2 0.0019 3.18 
D49-100 100 3.19. 
D25-104 100 3-31 
D13-383 100 31.7 ©.OoIT 3-42 
D33- 97 100 38.0 0.0369 7-66 
D16-193 100 46.5 0.0273 8.15 
D35-218 100 37-7 0.0156 8.60 
Dio- 41 100 | 59.3 0.0678 9.30 
D28-225 7° 23.1 0.0362 9.30 
D43-401 83 24.0 | 0.0066 9.84 
Dig- 53 100 60.3 0.0338 11.20 
D 1-444 100 33.3 0.0301 12.20 
D28- 82 100 29.2 | 0.0732 18.40 
D16-107 100 41.0 0.4060 38.70 


The core samples used for susceptibility 
according to their lithologic properties. Thus, most of the samples were 
grouped as follows: shales, sandy shales, shaly sands, and sands. Table II 
shows the results of averaging the values of susceptibility of the samples 


in each group. 


tests were also classified 


TABLE II 
Susceptibility 
Group 
Number of Samples | Average Susceptibility X 10s 

Sandy shales 201 4.75 
Shaly sands 20 5.38 
Sands 17 9.08 
Total 293 4.98 

Grand total of all specimens | 
tested 376 4.96 


The results shown in Table II indicate that the magnetic suscepti- 
bility is somewhat higher for the sands than for the shales, and that it 
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increases from the shales through sandy shales and shaly sands to the 
sands. 

In some places a correlation was also possible between slight local 
anomalies of the magnetic areal survey and the outcrops of the beds of 
which samples showed high susceptibility. Inasmuch as such a correla- 
tion was not uniformly evident, these data are not considered sufficiently 
conclusive for presentation in this paper. The writer suggests that this 
was due in part to using an insufficient number of representative samples 
of a sandy bed or a lateral zone to obtain its true average susceptibility, 
and in part to the masking effect of a regional influence on the magnetic 
intensity as registered by the magnetometer. However, the relationship 
indicated was sufficient to demonstrate that outcropping beds of higher 
average susceptibility than that of adjacent beds or zones have a local 
influence on the magnetic intensity of the earth’s field which can be de- 
tected by a careful and detailed survey with the type of magnetometer 
in general use by oil companies. 
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MAGNETICS AND GEOLOGY OF YOAST FIELD, 
BASTROP COUNTY, TEXAS! 


D. M. COLLINGWOOD: 
Dallas, Texas 


ABSTRACT 


The relation between the geology of the productive “serpentine” mass and the 
results of a magnetic vertical intensity survey is illustrated by maps, charts, cross 
section, and profile. 

The writer concludes that the high magnetic anomaly is due to an igneous neck 
in a major fault plane, up which the igneous rock came as a volcanic submarine ex- 
trusion at the close of Austin chalk deposition of the Upper Cretaceous. Other geo- 
logic evidence indicates that the faulting which occurred during the succeeding Taylor 
or Navarro deposition was later increased by post-Wilcox (Eocene) faulting, and he sug- 
gests that this earlier faulting occurred mostly in association with the igneous activity. 

The writer suggests that the search for such serpentine masses in this region 
constitutes a special field for magnetics with certain limitations. Inasmuch as plugs 
or vent fillings generally cause the anomaly, lateral bodies with no vent filling re- 
maining in the channels up which the flow came are probably not indicated. How- 
ever, where a plug effect is indicated by magnetic anomaly, a productive lateral or 
domal body of serpentine is found in many places. 


Early in 1927, the Johnson Brothers’ Trigg No. 1, in the south part 
of the area shown in Figure 1, was drilled to the Edwards limestone. 
Although this test failed to make a commercial producer, it had a con- 
siderable showing of oil at the top of a mass of altered igneous rock gen- 
erally known as serpentine. Approximately 80 feet of this rock was 
found overlying the Austin chalk formation of the Upper Cretaceous. 
Interbedded serpentine and chalk were also logged in the upper part of 
the Austin, and serpentine was found in a core taken in the Edwards lime- 
stone (Lower Cretaceous). After this discovery, a magnetic survey of the 
adjacent territory, including the area now occupied by the Yoast oil field, 
was made by the Sun Oil Company under the direction of the writer. 

A local high anomaly in vertical intensity found on the Yoast tract 
was interpreted as being caused by a small plug of serpentine or group of 
vent fillings. The discovery of the Yoast field, late in 1928, and the data 

‘Read before the Association at the New Orleans meeting, March 21, 1930. Man- 


uscript received by the editor, May 20, 1930. Published by permission of the Sun Oil 
Company, Dallas, Texas. 


2Geologist, Sun Oil Company. 
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supplied by drilling a productive domal mass of serpentine situated on 
a major fault have corroborated this interpretation." 

The magnetic chart is shown in Figure 1. Figure 2, an enlargement 
of the producing area, shows the inner magnetic closures and the sub- 
surface contours on the top of the serpentine mass. Figure 3 shows a 
geologic cross section and magnetic profile across the area along line YY 
(Fig. 1). 

GEOLOGIC SUMMARY 


* Surface.—The Wilcox and Midway formations of the Eocene occur 
at the surface. Outcrops are adequate for a fairly accurate mapping of 
the surface trace of two parallel faults with a strike approximately N. 
45° E. and a downthrow toward the northwest. These faults are part of 
a major belt of faulting associated with the Balcones fault zone. 

Subsurface.—Wildcat drilling has supplied control in mapping the 
subsurface position of the faults and the general stratigraphy. At the 
east, or upthrown side of the fault at the west edge of the Yoast field, the 
depth to the horizon of the top of the Austin chalk is estimated to be 
approximately 1,500 feet, although here, as in the Lytton Springs ser- 
pentine field, it is probable that some of the upper part of the chalk has 
been displaced by serpentine. 

Data from the following wells, designated by serial letter on the 
maps and profile, were used in drawing the cross section XY (Fig. 3). 


(A) R. D. Pyle’s Storey No. 1 

(B) Cranfill and Reynolds’ Yoast No. 
(C) Cranfill and Reynolds’ Yoast No. 
(D) Cranfill and Reynolds’ Yoast No. 
(E) The Texas Company’s Yoast No. 
(F) The Texas Company’s Yoast No. 
(G) The Texas Company’s Yoast No. 
(H) The Texas Company’s Yoast No. 
(1) The Texas Company’s Yoast No. 
(J) J. Jarmon’ s C. J. Barnett No. 1 
(K) J. Storey’s Pearson No. 1 


a 


‘For discussions of similar occurrences see the following. 

H. P. Bybee and R. T. Short, ‘The Lytton Springs Oil Field,” Univ. Texas Bull. 
2539 (October 15, 1925). 

D. M. Collingwood and R. E. Rettger, ‘The Lytton Springs Oil Field, Caldwell 
County, Texas, Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 10 (October, 1926), pp. 
953-75- 

J. T. Lonsdale, “‘Igneous Rocks of the a Fault Region of Texas,’ Univ. 
Texas Bull. 2744 (November 22, 1927), pp. 

J. A. Udden and H. P. Bybee, “The Thrall Oil Field,” Univ. Texas Bull. 66 


(1916). 
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Fic. 2.—Map showing magnetic vertical intensity anomaly and contours on top 
of serpentine mass, Yoast field, Bastrop County, Texas. 


MAGNETICS 


Method of survey —A more or less detailed survey was made. Tra- 
verse readings of vertical intensity were taken at stations ranging from 
3/9 to '/, mile apart, the location depending on accessibility from base 
stations. Corrections were made for diurnal variation and for the av- 
erage gradient due to magnetic latitude and longitude position. The 
maximum checking error was approximately 1o gammas, the average 
being approximately 5 gammas. Iso-anomaly lines are drawn with an 
interval of to gammas. 

In accordance with improved technique and standards, this survey 
would now be considered too incomplete and stations would be more 
closely and regularly spaced, with checking errors reduced and closure 
errors better distributed. 

Local anomaly.—A pronounced magnetic high anomaly with more 
than 25 gammas closure was found surrounding the area in the Yoast 
tract where production from serpentine has subsequently been found. 
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Furthermore, the center of the inner closure coincides with the center 
of the west line of producing wells, which have been drilled along the 
fault in the serpentine horizon. 


CONCLUSIONS 


Magnetic.—Inasmuch as the center of the vertical intensity high 
anomaly occurs over the fault near the highest part of the mushroom 
top of the serpentine mass, the writer infers that the high anomaly is 
due to a small neck or vent fillings of igneous rock in the fault plane 
below the top of the Austin chalk. 

As is to be expected, the high anomaly does not conform exactly 
with the extent or thickness of the lateral mass of serpentine. Because . 
of the inclination of the earth’s field and the downward continuity of 
any plug or neck, the distortion in vertical intensity caused by such necks 
is of a much higher order than the distortion in vertical intensity caused 
by lateral bodies at the same depth, although the latter may be several 
hundred feet thick. 

Geologic.—The stratigraphic relationship of the serpentine mass 
indicates that the igneous extrusion (probably submarine) occurred at 
the end of Austin time. Inasmuch as the magnetic results indicate ig- 
neous vent fillings in the fault plane, the writer infers that the serpentine 
mass is related to an igneous flow associated with faulting which was 
previous to, or contemporaneous with, the flow at the end of Austin time. 

The extra thickness of the Taylor-Navarro section of approximately 
200 feet on the downthrown side of the fault indicates the amount of 
fault displacement occurring between the end of Austin and the end of 
Navarro time. Most of this displacement probably occurred at the time 
of the igneous activity at the end of Austin deposition, although some 
intermittent faulting may have continued during Taylor-Navarro time. 

Subsequent faulting in post-Wilcox time, which extended the fault 
plane to the surface, resulted in a displacement of approximately 300 feet 
in the surface formations, and increased the displacement in the Austin 
from 200 to 500 feet. Conditions similar, except that the earlier faulting 
occurred in mid-Austin time, are indicated in the Lytton Springs ser- 
pentine field." 

Special field for magnetometer, with limitations —In many places in 
this general fault-zone area, surface structural evidence of a buried domal 
mass of serpentine can not be easily discovered. Outcrops are in many 
places too scarce or of a nature not suitable for detail work. Little struc- 


*D. M. Collingwood and R. E. Rettger, op. cit., pp. 958-61. 
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tural expression may be present in some surface beds. There is, therefore, - 


a special need for magnetics in such areas, in addition to the need for 
checking areas where surface geology suggests the presence of a serpen- 
tine mass. The magnetometer will locate a neck or vent filling of igneous 
rock where the top of the neck lies as deep as, or deeper than, 2,250 feet, 
although the upper part may be altered to serpentine. The size of the 
vertical intensity anomaly varies directly as a function of the suscepti- 
bility and the cross-sectional area of the igneous neck, and inversely as 
a function of the depth to its top. 

Lateral masses of porous serpentine, whether entirely extrusive or 
partly sedimentary, will probably yield oil and are generally found in 
association with plugs and vent fillings. The lateral bodies themselves, 
however, rarely cause sufficient anomaly to be recognized by magnetom- 
eter surveys. 

Although the available field evidence is somewhat limited, there 
seem to be places where no plug effects have been found in connection 
with a productive lateral mass of serpentine that can not be classified as 
entirely sedimentary. The writer believes, as Lonsdale’ suggested, that 
although a large igneous flow may have occurred in these areas, the vent 
filling remaining is of very small cross-sectional area or thickness. Such 
small vent fillings may cause no appreciable distortion of the vertical 
intensity at the surface. 

In searching for new serpentine fields in this region, it is to be ex- 
pected that some will be overlooked for the foregoing reason. However, 
in many places where a plug effect is found in territory otherwise geolog- 
ically favorable for oil accumulation, a productive serpentine mass 
associated with the plug will be found. 


"Op. cil. 


= 


~ 
if 
# 
& 
$ 
a 
: 


2 
f 
il 
4 
= 
4g 


ELECTRIC AND ELECTROMAGNETIC PROSPECTING 
FOR OIL' 


W. P. JENNY? 
Dallas, Texas 


ABSTRACT 


General geologic problems of electric oil prospecting are discussed and the main 
theories for electric and electromagnetic oil prospecting developed. According to 
practical experience, the average depth reached by electric surveys is less than 600 
feet. Interpretations based on simple assumptions ordinarily approach the actual 
geologic conditions more closely than interpretations based on complicated theories, 


Extended electric and electromagnetic surveys for oil have been 
made in the United States, in Roumania, Poland, Austria, Germany, and’ 
France, to determine structure or to locate oil directly as a non-con- 
ductor. 

The few results published have proved to the most skeptical geolo- 
gist or geophysicist that under some conditions electric methods have 
been successful, though the general attitude of the oil companies shows 
that the commercial value of electric prospecting is still disputed. 

The chief difficulty with electric oil prospecting and the cause of the 
little success heretofore is the same as with other geophysical methods 
in former years, or possibly now: too much mathematics and physics 
and too little geology. 

This circumstance is especially bad in electric prospecting because 
no other geophysical method is so dependent on surface geologic infor- 
mation as are the electric methods. 

The practical results of both electric and electromagnetic surveys 
have shown that the changes in the electric or electromagnetic field 
which are still perceptible at the surface, occur normally at depths not 
more than 600 feet below the surface. 

It must be borne in mind that the percentile distribution of the 
electric and electromagnetic field in the subsurface is the same for any 
primary current strength, so that it is useless to try to penetrate deeper 
by stronger primary currents, if through the increase in the primary 


»Manuscript received by the editor, April 10, 1930. 
?Magnolia Petroleum Company. 
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current strength a decrease of the sensitiveness of the recording appara- 
tus is necessitated, or if the shallow layers contribute an excessive per- 
centage to the total field. 

Inasmuch as the electric investigation is limited to the first few hun- 
dred feet below the surface, any change in the geologic conditions of the 
shallow subsurface and especially of the surface, intensively influences 
the electric or electromagnetic field. 

The same is partly true, also, of the other methods. The difference, 
however, is that the main influence in gravimetric, seismic, and magnetic 
measurements is as a rule deeper-seated and the first few hundred feet of 
subsurface represents only a part, though in places a large part, of the 
total influence. 

A close examination of the surface and shallow subsurface geology 
may therefore increase the accuracy of the gravimetric, seismic, or mag- 
netic measurements and permit a better interpretation of the deeper 
main influences. 

A close examination of the surface and shallow subsurface geology 
may, however, explain the total electric or electromagnetic result. An 
“anticline,” found electromagnetically, for example, may be only a 
thickening of a surface clay bed; and measurements interpreted as a 
fault may be the result of a contact between sand and clay beds. 

Elaborate theories for the electric and electromagnetic field above 
one, two, three, and more layers of different resistivities have been es- 
tablished. Practical experience, however, has shown that interpretations 
based upon simple assumptions generally approach the actual geologic 
conditions more closely than interpretations based upon complicated 
theories. 

GEOLOGICAL PROBLEMS! 


Inasmuch as oil occurs, practically without exception, in the sedi- 
ments, the fundamental problem in electric prospecting for oil is the 
electric conductivity of the sedimentary rocks. 

This problem is closely connected with the problem of oil accumula- 
tion itself and is related to the percentile pore volume and the size of the 
individual pores of the sedimentary rocks. 

The theoretical maximum for the pore volume in any rock, provided 
that all individual particles touch one another, is 47.6 per cent. This 
maximum is reached if the individual particles are of spherical shape and 


'E. Blumer, Geologie der Oellagerstdtten (Leipzig, 1922). 
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of equal diameter. The pore volume is independent of the actual size 
of the grains. 

The permeability of a rock, however, is largely dependent on the 
size of the individual particles. 

The pore volume of volcanic rocks ranges from 0.1 to 2 per cent. 
The average pore volume of limestone is 10 per cent, of sandstone 10-30 
per cent, of clays, shales, and marls 20-40 per cent. 

The individual particles, therefore the interstices, are smallest in 
clay, shale, and marl, and largest in sand and sandstone. 

These characteristics of the sedimentary rocks are important in 
regard to their electric conductivity, as the conductivity is directly pro- 
portional to the water volume in the rocks and to the grade of mineral- 
ization of this water. The water volume is approximately the same as the 
pore volume, and the grade of mineralization is very dependent on the 
permeability of the rocks, that is, the size of the individual pores. Shal- 
low sands and sand beds, because of their large pores, are ordinarily much 
more washed out and their water less mineralized than the water in the 
clay beds. The water in clay beds may even be of primary salinity, be- 
cause of the small pores and strong adhesion, which retained fossil water 
through ages. 

Most of the clays, therefore, are good electric conductors, with a 
resistivity as low as 400 ohms per cubic centimeter, whereas the sands 
are poor conductors with a resistivity ranging from 2,000 to 20,000 ohms 
per cubic centimeter, though the water volume in both materials may be 
approximately the same. 

As oil generally occurs at depths greater than those reached by 
electric surveys, the mapping of structure by a close examination of cer- 
tain conducting beds at depths ranging from 100 to 600 feet is the general 
method of electric or electromagnetic prospecting for oil. 

In the exceptional conditions of shallow-oil occurrences it might be 
possible to detect oil directly as a non-conductor. 

Of much more importance for electric prospecting, however, is the 
good conducting property of the salt waters commonly related to oil 
deposits. These salt waters are much more widespread along the oil- 
bearing structures and may occur at shallow depths. 

The strong salt-water solutions in the vicinity of salt domes, the salt 
waters in northwest Texas and Roumania, represent ideal conductors for 
electric subsurface investigation. 
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ELECTRIC PROSPECTING FOR OIL" 


4 Shallow structures may be determined electrically either by tracing 
» equipotential lines or by measuring the resistivity of the ground along 
the surface or in drill holes. 

In homogeneous ground the equipotential surfaces with reference 
to two point electrodes are given by the equation: 


E/t 1 


where r, ar.d r, are the distances of the equipotential surface P from the 
"5 two point electrodes, and E is the potential between the electrodes. 

The result is that the equipotential surface, which passes through 
the middle point between the two electrodes, is a vertical plane perpen- 
dicular to the connecting line of the electrodes. On both sides of the 
middle point, the equipotential surfaces are more and more bent until 
near the electrodes they are practically half spheres with the electrodes 
as center. 

To trace the equipotential lines a simple arrangement is used. Two 
electrodes are placed at a distance of about 1 mile and connected with a 
direct current or an alternating current generator of 1-2 kilowatts. Two 
search electrodes, non-polarizable if direct current is used, are then placed 
at a distance of 50 yards in such a way that one search electrode is stable 
and the other is movable until the galvanometer, if direct current is used, 
or the phone connected with a compensator, if alternating current is 
used, indicates no current flowing between the two search electrodes, 
which means that they are on an equipotential line. 

i] Any change of conductivity in the surface or shallow subsurface 
4 between the two current electrodes of course greatly influences the current 
4 path, and consequently the equipotential lines. 

It is easy to see that on account of the strong salt waters near and 

: above the salt domes, the top of a shallow salt dome would be practically 
: on equal potential at any place and that the equipotential lines near the 
: salt dome would circle around the dome. 

If folds are measured, the distance between equipotential lines, 
corresponding with equal voltage drop, is larger or smaller above an anti- 
clinal structure, if the conductivity of the material of the structure is 
more or less than the conductivity of the material of the overlying beds. 


4 
1 ‘Geophysical Prospecting, 1929, Amer. Inst. Min. Met. Eng., pp. 51-237. 
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If faults are measured, the equipotential lines, corresponding with 
equal voltage drop, are spaced differently on both sides of the fault, if, 
through the fault, a change in the conductivity of the shallow subsurface 
has been effected. 

Similar distortions are also obtained, however, by surface contacts 
between good and poor conducting materials, for example, between clays 
and sands. 

Approximately, the percentage of the current distributions in a 
series of layers is inversely proportional to the resistivity of these layers. 

If the layers have a small dip and the surface layer has a much larger 
conductivity than the shallow subsurface layer, practically the whole 
current passes through the surface layer and the only practical use of 
electric prospecting in such areas is the determination of the thickness 
of the surface layer. 

This can be done by tracing the equipotential lines as already de- 
scribed, or by simple resistivity measurements. 

The fundamental formula for resistivity measurements is: 

V 

R=C I 
where V is the electric potential between two search electrodes, J the 
current strength, R the resistivity in ohms per cubic centimeter of the 
ground between the two electrodes, and C a constant that is dependent 
on the measuring arrangement. 

A simple procedure for the resistivity determination is given by the 
Gish-Rooney method. Four electrodes are placed at equal distance 
from each other. The outer two are used as current electrodes and the 


e V 
inner two as search electrodes. The relation T can be calculated from 


corresponding measurements; C the constant is in this case gar, where 
r is the distance between electrodes. The earth resistivity therefore 


is: R = ohms per cm 


For this method a practical instrument, the “megger,” is available. 
The primary current is furnished by a direct-current hand-driven gen- 


erator. The ratio 7 be read directly. With this arrangement a 
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depth is reached nearly equal to the electrode spacing, so that by varying 
the spacing between electrodes, the different conductivities of the shallow 
layers and the thickness of these layers can be determined. Thus, it is 
possible to follow certain geologic contacts through areas with vegetation 
or shallow overburden. 


ELECTROMAGNETIC PROSPECTING FOR OIL 


An insulated cable, 2 or 3 miles in length, is laid out straight and 
grounded on each end. An alternating current which is sent through this 
cable creates a primary electromagnetic field, which rotates perpendic- 
ularly to the cable. This primary electromagnetic field induces in the 
ground a secondary electromagnetic field, which normally also rotates 
perpendicularly to the cable, but in the opposite direction to the pri- 
mary field. From the measurement of the resulting electromagnetic 
field at different distances from both sides of, and along, the cable, con- 
clusions can be drawn as to the depths and quality of the conducting 
layers in the ground. 

The primary field can be calculated by the formula shown in Figure 1. 


P 


Hp= Tein a,t sin a,) 


Fic. 1.—J is the current strength in ampere, d the perpendicular distance between 
a point P and the cable, a: and a, the angles between the perpendicular d and the 
connecting lines of the point P with the electrodes. 


The secondary field may be calculated as follows. We assume that 
beneath the cable there is a thin and infinite good conducting layer of 
infinite horizontal extensions. In this case the secondary electromag- 
netic field at the surface corresponds with a field created by the same, 
but reversed, primary current at double the depth of the layer. The 
resulting total field at various distances from the cable and for different 
depths of the layer can easily be calculated by the angle relation and 
the distances from the primary and secondary sources. For the vertical 
and the horizontal components of the resulting electromagnetic field we 
obtain the following formulas. 
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Total Vector 


Laye r 


Fic. 2 


Vertical component: VC = = sin’? y micro gauss /amp. 


7 sin 2 y micro gauss amp. 
The discussion of these formulas reveals the following general ideas 

about the electromagnetic field due to an infinite horizontal layer of in- 5 
finite good conductivity. 


Horizontal component: HC 


o° go” 


« 

d d 
I 

BC .o 


If ¥ is go°, the layer is very deep and has no influence. There- 
fore the horizontal component of the total field is zero and the 


vertical is =, which simply corresponds with the primary field. 


If y is 45°, the layer is at a depth equal to half the distance between 
the observation point and the cable (Fig. 2). Thus, the horizontal and 
the vertical components are of equal strength, or half the strength of the 
primary field. 


Surface 
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If y is 0°, the layer is at the surface; consequently, it has no hori- 
zontal component. The vertical component of the total field is also zero, 
because the vertical component due to the layer is of equal strength with, 
but of opposite direction to, the component of the primary field. 
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For depths of the layer ranging from 5 to 150 meters and distances 
from the cable of 100, 150, 200, and 300 meters, the values for the ver- 
tical and horizontal components of the resulting electromagnetic field 
are shown in Figure 3. 

If the layer is of infinite good conductivity, the maximal strengths 
of the primary and secondary field occur simultaneously. If the layer 
is, however, not of infinite good conductivity, the maximal strength 
of the secondary field occurs at a time different from the maximal strength 
of the primary field. This difference is known as the phase difference 
and expressed as the phase angle (Fig. 4). 


g — 
Fic. 4. 
phase angle 


primary vector 

secondary vector 

real component of s 
imaginary component of s 


The measuring arrangement must by all means take care of the 
compensation of the two components of the secondary field, that is, of 
the real component in phase, or 180° out of phase, with the primary 
field and the imaginary component plus or minus 90° out of phase with 
the primary field. This can be done by a compensator combining an 
ohmic resistance with an inductance or capacitance. The wire resistance 
serves to compensate the real component, and the inductance or capaci- 
tance the imaginary component. The compensating current is taken 
from the cable. 

From general deliberations an approximated diagram (Fig. 5) for 
the relations between phase and vector may be deducted. 

The vertical and horizontal real components of the secondary field 
are 180° out of phase with the primary field. 

The length of the primary vector for a certain distance from the 
cable determines the shape of the diagram, in such a way that all the 
imaginary components are considerably smaller than the primary vector, 
the maximal vertical real component of the same length, and the maximal 
horizontal real component considerably smaller than the primary vector. 
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For a surface layer the following characteristics are to be expected 
with different resistivities of the layer. 

For infinite resistivity the vertical component of the total field is 
simply the primary vector. There is no horizontal component. 

For infinite good conductivity, that is, zero-resistivity, the total 
field is zero. 

For intermediate resistivities a phase dispersion takes place. For 
the horizontal component the total vector due to varying resistivities 
might be expected to be maximal for medium resistivities and nearly in 
phase with the primary field, because both extreme values of the resis- 
tivity give a zero vector. For the vertical component the extreme values 
for the resistivity give zero and maximal vectors; therefore, a medium 
resistivity should yield a medium vector and large phase angle. 

Inasmuch as the vector, due to varying resistivities of a layer at a 
certain depth, may reasonably be assumed to be stronger near the sur- 
face than deeper, a schematic diagram (Fig. 5) may be drawn for the 
horizontal and vertical components of the electromagnetic field 200 meters 
from the cable. 

T. Levi-Civita' and F. Pollacek? have calculated the potentials of 
the electromagnetic field for thin and thick conductors of infinite hori- 
zontal extensions and various conductivities. 

The final expression of Levi-Civita for the potential of the electro- 
magnetic field of a thin conductor is shown in Figure 6, where the sign 
| = logarithmus naturalis. 


[=Primary Current in Amps. ,w=21v » v=fi 
p=41* Ud (Induction factor) 
co 


=resistivity nductor, 7 2. yt+(zth-x)" 
d ='‘thickness of conductor, x= an Integration const. 
p 
Cable Surface 
h é 
Conductor 


Fic. 6 


"Atti della Reale Academia dei Lincei (Rome, 1902). 


2Electrische Nachrichten Technik, Heft 9 (Berlin, 1926). 
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Then H, = — a is the horizontal component of the field at point P 


and the vertical component is H, = 6U 


6Y 

For the situation where two layers exist, one above the other, Levi- 
Civita states that the electromagnetic field above the lower layer is the 
same, whatever the distance between the two layers, provided that the 
upper layer lies between the lower and the cable. 

It seems therefore feasible to calculate the electromagnetic field due 
to two, three, or more layers by lowering the top layer to the second 
until the two form practically one layer, then lowering this combination 
layer to the third, and so on. 

However, the question is open whether this can be done, because 
two layers, as long as they are actually distinct, whatever the distance 
between them, will create an electromagnetic field distinctly different 
from the field of one combination layer. 


From practical experience the writer came to the conclusion that only 
under exceptional conditions is a complicated theory for electric or 
electromagnetic prospecting of value. Though it is necessary that the 
underlying theories should be studied and understood in all details, 
yet the interpretation of the readings is best done by simple assumptions, 
which are logical and agree best with the geologic conditions of the sub- 
surface. 

For example, it would be of little use to try to explain the electro- 
magnetic field above an area with outcropping beds, with contacts be- 
tween good conducting clay beds and non-conducting sands, with faults 
and other disturbances, by a theory, however complicated it may be, 
which is based on two, three, or more distinct layers of infinite horizontal 
extensions. 

Practically, we may consider the subsurface as one thick conductor, 
with varying conductivities of the different strata. 

It is generally known that the lower the applied frequency is, the 
deeper the electromagnetic field penetrates into the ground, or, in other 
words, the lower the frequency, the larger the contribution to the sec- 
ondary field from deeper strata. 

This results also from the theory of Levi-Civita, which shows that 
the inductance factor (p) is directly proportional to the frequency; 
with small inductance, large permeability for low frequency. A layer 
with 1,000 ohms per cubic centimeter creates the same electromagnetic 
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field at 300 cy, as a layer of the same thickness and 500 ohms per cubic 
centimeter, at 150 cy. 

If we had to deal with distinct layers in the subsurface, we could 
determine the qualities of the layers by applying two frequencies. 

Inasmuch, however, as the ground as a whole is conducting, a lower- 
ing of the frequency ordinarily means a deeper penetration. The total 
vector of the lower frequency field should therefore have less phase dis- 
persion than the total vector of the higher frequency. 


A study of Figure 3 shows that the ratio between the H and V com- 
ponents for a specified distance from the cable, decreases steadily with 
increasing depth of the layer. 


Depth of layer in meters 25 50 100 150 
z 100 meters from cable 2 I 0.5 0.33 
a 150 meters from cable 3 ‘5 0.75 0.5 
Hf 200 meters from cable 4 2 I 0.67 


The result is, that, though the values of the ratio between the 


different distances from the cable are constant for any depth, the absolute 


differences of the ; values decrease considerably with increasing depth 


of the layer. 
This means that with a change in the surface conductivity, there 


might be expected a considerable difference of the 4 values on both sides 
of the contact and a material increase in this difference with increasing 
distance from the cable. 

If, however, the change in the electromagnetic field is caused mainly 
by an uplift of deeper conductors, through faulting or folding, for exam- 


ple, the difference between the : values on both sides of the disturbance, 


though noticeable, will not be large, and the increase of the absolute 
value of this difference will not be very large with increasing distance 
from the cable. 
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The phase angles characterize well the conditions on both sides of 
the indication. With a change in conductivity along the surface, the 
phase angles may be expected to be considerably different on both sides 
of the change, but with a tectonic dislocation of a certain deeper con- 
ducting layer, the phase angle may be expected to vary only slightly. 

If two frequencies are used, the lower frequency would penetrate 
deeper; that is, compared with the higher frequency, the difference of the 


H 
Yr values for the lower frequency, on both sides of a surface indication, 


should be much smaller and, at a fault, the same or larger. 

The phase dispersion of the lower frequency would be smaller than 
that of the higher frequency under any condition. 

The picture of a surface and fault indication by the . method is 
shown schematically in Figure 7. 

The study of the percentile change of the total vectors along the 
profiles, or the study of the differences of the readings on both sides of 
the cable are other simple and effective methods of locating and distin- 
guishing the disturbances of the electromagnetic field. 

There may be great doubts about one, two, three, or more conductors 
in the subsurface with large horizontal extensions. Also, the other assump- 
tions necessary for the application of complicated theories may not only 
be without geological meaning, but may even prove disastrous for a 
geological interpretation. 

There is, however, no objection to the assumption that, though the 
ground as a whole is one thick conductor, certain strata are more con- 
ductive than others; that generally the electric conductivity of the sub- 
soil changes on both sides of a fault; that a certain conducting clay bed, 
which may represent the main conductor, is deeper on one side than on 
the other side of the fault plane; and that on top of an anticline a certain 
conducting salt-water horizon is nearer the surface than on the slopes, 
et cetera. 

Such simple and logical assumptions are fully sufficient to explain 
geologically the electromagnetic results and to interpret them so that 
the information obtained will be of great practical value. 
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GEOLOGICAL NOTES 


ISO-CON MAP FOR ORDOVICIAN WATERS 


INTRODUCTION 


Concentrations of Ordovician waters differ greatly in the Mid-Con- 
tinent oil fields, ranging from dilute to almost saturated. In most of 
the oil fields of Oklahoma they have an average concentration of ap- 
proximately 160,000 parts per million. In the El Dorado, Kansas, field 
the average of many analyses is approximately 20,000 parts per million. 

The map shown in Figure 1 was prepared to show the distribution 
of different concentrations, and to determine any geological relationship. 
The lines on the map, termed iso-cons, connect areas of equal concen- 
trations. 

The waters of Missouri, lowa, and northeastern Kansas are so dilute 
that an iso-con interval of 1,000 parts per million was used, whereas 
an interval of 50,000 parts per million was necessary for the very con- 
centrated waters of southern Kansas and Oklahoma. 

It will be noticed that an abrupt increase in concentration per unit 
distance occurs at the 10,000-parts-per-million line. 


SOURCES OF INFORMATION 


Analyses of Ordovician waters were collected representing as much 
of the Mid-Continent as possible. About thirty for lowa were obtained 
from Norton‘ and others. A few from Missouri were listed by Shepard.” 
Most of the analyses from deep wells in Kansas and Oklahoma were 
assembled by Ginter from his own files and through the courtesy of the 
Gypsy Oil Company and the Empire Gas and Fuel Company, to whom 
the writers are deeply indebted. 


GENERAL CHEMICAL CHARACTER OF MID-CONTINENT ORDOVICIAN WATERS 


The chemical characteristics of Ordovician waters in the Mid- 
Continent are, in general, no different from many subsurface waters of 
other localities and geologic ages. 

'W. H. Norton, W. S. Hendrixon, H. E. Simpson, O. E. Meinzer, and others, 


( —— Water Resources of Iowa,” U.S. Geol. Survey Water Supply Paper 293 
1912). 


2E. M. Shepard, “Underground Waters of Missouri,’ U. S. Geol. Survey Water 
Supply Paper 195 (1907). 
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Fic. 1.—Iso-con map for Ordovician waters in Mid-Continent areas of the United States. Lines 
connect areas of equal concentration, based on parts per million of total solids. 
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It may be stated that in some of the Oklahoma fields, and in parts 
of Iowa, there are appreciable differences in concentration and ratios 
of dissolved constituents in waters from different members of the Ordo- 
vician. However, waters from many Oklahoma fields show a uniform 
character of concentration and composition, throughout the entire 
Ordovician section. 

There does, however, seem to be a relationship between the chem- 
ical characteristics of waters in the Ordovician section as a whole, and 
the outcrops of Ordovician rocks in the Mid-Continent. 

A few miles northward and northwestward from the Arbuckle 
Mountains of Oklahoma, these waters are low in concentration, carry an 
appreciable amount of bicarbonate alkalinity, and ordinarily contain 
hydrogen sulphide and a small amount of sulphate. For a much greater 
distance down the west and.southwest flanks of the Ozarks, these same 
features characterize the subsurface Ordovician water. For a still 
greater distance southward and southwestward from the Canadian shield, 
Ordovician waters are found to be very dilute, though of a somewhat 
different chemical nature. 

In contrast to the aforementioned features, the Ordovician waters 
of the central and east-central section of Oklahoma, northward to the 
Kansas line, are in the main highly concentrated, exceedingly low in 
bicarbonate alkalinity, and carry only traces of sulphates, if any. Hy- 


drogen sulphide is not commonly found in the highly concentrated Or- 
dovician waters of the Mid-Continent. 


GEOLOGIC FACTORS 


The most striking feature of the map is the seeming relationship 
between the concentration of Ordovician waters and outcrops of Ordo- 
vician rocks. 

The concentration increases down-dip and seems to increase most 
rapidly in proximity to the smaller areas of outcrop. In the Arbuckle 
Mountain area of Oklahoma the concentration increases from 10,000 
parts per million to 150,000 parts per million in the distance of 14 miles, 
or at the rate of 10,000 per mile. 

From the Ozarks westward an increase from 1,000 to 150,000 parts 
per million occurs in a distance of 125 miles, or at the rate of 1,200 per 
mile. Southwestward from the Canadian shield area in Minnesota 
and Wisconsin an increase from 300 to 3,000 occurs across the state of 
Towa, a distance of 250 miles, and from there to southern Kansas, a 
distance of 225 miles, the concentration increases to 150,000 parts per 
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million at an average rate of 315 per mile for the entire distance. Figure 
1 shows the relative size of three areas of outcrops. 


CONCLUSIONS 


These observations strongly suggest a definite relationship between 
size of outcrop and concentration. The rate of increase in concentration 
down-dip seems to be in inverse ratio to the size of the nearest Ordovician 
outcrop. 

If these features be accepted as facts, the obvious inference is a 
relationship between meteoric waters, size of Ordovician outcrops, and 
concentration of subsurface Ordovician waters. 

The writers do not offer an explanation as to the mechanism that 
has brought this dilution about, but simply present the map for what 
it is worth. 

Rosert H. Dott: and Roy L. GInTER? 
Tusa, OKLAHOMA 
July 14, 1930 


DISCUSSION 


L. C. Case, Tulsa, Oklahoma: It seems a fact that the general relation- 
ship of size of outcrop to rate of increase of concentration down-dip does 
exist. Also, the bending of the iso-cons eastward around the Ozark uplift 
strongly suggests the influence of comparatively recent infiltration of meteoric 
water. 

Since the existence of these phenomena must be accepted, a question 
arises as to the physical mechanism bringing about such subsurface conditions. 
Obviously, water can not enter an outcrop if the formation is already saturated. 
Or, if water does enter, it forces out water already present. Jointing in adja- 
cent beds may make possible some transverse migration. However, this 
method seems inadequate to explain dilution at depths of several thousand 
feet. Russell’ assumes that the compressibility of sandstone formations is of 
an elastic nature and that sandstone formations resume, in part, their former 
volume as overlying sediments are worn away. An examination of this prin- 
ciple is best made by application to the area of dilute water in the ‘“ Wilcox” 
(Ordovician) sand surrounding the Arbuckle Mountains. It might be possible 
to arrive at average figures, for the purpose of illustration, for such factors as 
porosity of the “Wilcox” sand, removal of overburden, thickness, et cetera. 
To compute a possible amount of pore space, created since deposition, and the 
influx of a specified amount of water in this manner entails much calculation 
with assumed values. No such calculation is necessary to illustrate the prin- 


‘Sunray Oil Company. 
2Ginter Chemical Laboratory. 


3W. L. Russell, ‘The Origin of Artesian Pressure,” Econ. Geol., Vol. 23, No. 2 
(1927), Pp. 132-57. 
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ciple. Let us assume a rebound of 0.2 of 1 per cent. It seems that the max- 
imum could not be much in excess of this figure. With this assumption, if the 
“Wilcox” sand were of constant thickness, 100 miles of the sand would have to 
have its porosity increased 0.2 of 1 per cent to allow water to fill o.2 of 1 linear 
mile of the formation. This, of course, would apply throughout a specified 
width. It is shown on the iso-con map that the area affected by dilution extends 
probably more than 15 miles north of the Arbuckle Mountains. Also it is shown 
on this map that approximately 100 miles north of this outcrop the Ordovician 
rocks begin to get their dilution from the Ozarks. It is probable that the 
amount of area affected relative to the area of outcrop is so large that the possi- 
bilities of dilution due to this factor are much greater. However, I believe that 
the factor of elasticity alone is insufficient to account for all the dilution known 
to have taken place. Thus, while several known causes may have contributed 
to the process of dilution, it seems that the major physical factor remains to 
be discovered. 
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ADJUSTMENT OF GRADIENT OF TORSION BALANCE AND AP- 
PLICATION OF UNDULATION METHOD TO GRAV- 
ITY MEASUREMENTS 


Donald C. Barton has given an exact, very good control and adjustment 
of surveys made with magnetometer or with torsion balance, based on the least- 
square method and especially fitted for scalars or for vectors of only one di- 
rection. 

For the gradient vector observed with the torsion balance, the following a 
not very accurate but easy method can be used for two problems, if the in- : 
homogeneities? of terrains and the errors of the instrument vary irregularly 
from station to station, disturbing the results. e 

1. To find the isogams: a set of 2 neighboring stations is tied together by 
the vector polygon (Figs. 1-3, 6) and the resulting vector is divided by the 
number () of the stations, giving the average gradient in the center of the set. 
The number (7) must equal 3 at least; but if the irregularities are very large and 
the structure not too complicated, a set of more stations (7 = 4-6) ought to 
be used. The center of the set can be found by the method given in Figures 1-3,a. 
The center of gravity of the m equal masses (the stations) must be determined, 
which can be done by using a graphical method (for three points see Figure 1, a; 
for four, see Figure 2, a; for five, see Figure 3, a). 

2. The regional trend of the gradient shall be found so that it can be sub- 
tracted from the local values. For this purpose the same method as previously 
mentioned, the vector polygon, can be used, whereby the average gradient is 
found. If the stations are distributed approximately equally in the section, a 
the center of the rectangular section is found as the point of intersection of 
two diagonals. 

The whole region measured can in some areas be divided into 4, 5, or 8 
equal rectangular sections, and for each section the average gradient can be 
determined. In which manner the combination of the different 4, 5, or 8 
average gradients can be made depends on the tectonics. Ae: 

On page 20 of another paper: Barton gives triangular cross sections of a 
series of prisms, all of which produce the same gradient- and differential curva- 


‘Donald C. Barton, Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 9 (September, 
1929), pp. 1163-86. 


2It seems to the writer that it would be useful to know before beginning the obser- 
vations the inhomogeneity of the terrain in the center of the region, by measuring the a 
gradient at the three corners of each of two equilateral triangles, one of which has a 
sides of 15 meters each, and the other of 50 meters each. 


3Donald C. Barton, “Calculations in the Interpretation of Observations with the : 
Eétvés Torsion Balance,” Geophysical Prospecting, 1929 (Amer. Inst. Min. Met. Eng., } om 
New York, 1929), pp. 480-504. a 
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surface 


— —2 vertical section 


Horizontal sectior 
surface 


Fics. 4 and 5 ’ 


ture-profile within the limits of error, leaving a certain specific gravity differ- 

ence against the surrounding medium for each block. The question arises, ' 

whether it would not be possible to distinguish between these forms.: i: 
The undulation method? can easily distinguish between the different forms. 

In nature scarcely a body in the earth would have a wholly regular contour 

surface—plane, spherical, or ellipsoidal. The surface would have holes, 

excrescences, crevices, channels, or disturbances of some kind (Fig. 4). 

Therefore, the isogams can not have a regular shape, but must show irreg- ee 
ularities, that is, undulations (Fig. 5). The least size or extension of these un- ae 
dulations is regular and independent of the dimensions of the small irregular- 
ities in the surface of the body. Their size gives the depth and is the same for 
the same depth, provided that the dimensions of the irregularities are approx- 
imately less than 1/5 - 1/10 of the depth. In the flat triangular prism all the e a 


smallest undulations will have a small extension; in the steep, deep triangular # 


‘That could theoretically also be made by measuring “ . The regional anomalies 


of = might be large and not easy to separate from the local anomaly; therefore, the 


construction of a field instrument for this scope was delayed. 


2This method was first proposed by the writer for magnetic measurements and 
applied on the magnetic anomaly of Kursk (Russia). 
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prism, the undulations on the outside will have smaller amplitudes and a large 
extension. The amplitude can vary, but not the extension. 

In the practical application of the method, difficulties can arise caused by 
inhomogeneities near the surface of the earth; it might even be necessary to 
make a tabulation of the extensions of the undulations. It would be useful 
to observe undulations in three different directions; but in practice for deter- 
mining the location of a bore hole, it is sufficient to make observations on some 
undulations in the center. 

J. G. KOENIGSBERGER 
FREIBERG, i. Br. 
July, 1930 


“ANCESTRAL ROCKY MOUNTAINS” AND SIOUIS 


In 1910, in his Paleogeography of North America, the writer pictured on his 
Plate 49 a positive land mass in the eastern Cordilleran region that he called 
Siouxia and defined as ‘‘an extensive Paleozoic land embracing the greater 
part of the Great Plains area of the United States.’’ This same land is again 
shown (as Siouis) on page 139 of the second edition of the Pirsson-Schuchert 
Text-book of Geology, Part II. This positive area is pictured in Figure 1 and now 
takes on a more definite character and an added structure due to a recent paper 
by Ver Wiebe entitled “Ancestral Rocky Mountains.’’' With this paper are 
three maps showing the seaways with their bounding lands and islands in 
Mississippian, Pennsylvanian, and Permian times, on which are also cited the 
thickness and nature of the best known exposures. These maps are of great 
service to all geologists, as are the author’s descriptions of the various positive 
elements of Siouis. 

The writer has compared Ver Wiebe’s results with his own manuscript 
maps showing the detailed paleogeography of North America, and out of this 
comparison has come an altogether better idea of the structural relations of 
Siouis, which embraces the areas now called the Colorado Plateau, the southern 
Rockies, and the southern Great Plains. With the Laramide revolution these 
lands took on a north-south alignment, but in the late Paleozoic, parts of 
Siouis trended either east-west (Uinta Mountains) or more generally north- 
west-southeast, turning in eastern Colorado to north-south (Ancestral Rockies), 
while the south shore extends southwest and northeast. In the Sonora-Ouachi- 
ta geosyncline south of Siouis, the Paleozoic formations were folded in Penn- 
sylvanian time, with a general trending from southwest to northeast (best 
seen in Texas), although over great parts of southern Siouis the strata are nearly 
horizontal and the northwest-southeast or north-south strike structure (cen- 
tral Colorado) seems to be due entirely to sharply elevated elongate fault 
blocks. This ridged and faulted nature of Siouis is much in evidence in late 
Paleozoic time, but there is also some evidence for similar movements at the 
close of the Ordovician, and, in the Grand Canyon region, as far back as pre- 
Cambrian time. 


"Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 6 (June, 1930), pp. 765-88. 
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Fic. 1.—Paleogeographic map to show full extent of buried Siouis in Paleozoic 
time, bounded on west by Cordilleran syncline and on south by Sonora-Ouachita 
trough. On east, interior seas also invade Siouis and on north various floods from Arc- 
tic Ocean. Finally, in Pennsylvanian-Permian time the whole of Siouis is submerged 
except areas shown dotted. 


Central Colorado is the area of Lee’s Ancestral Rockies (1918), with 
north-south strike, which were elevated in late Pennsylvanian time, followed 
by erosion which furnished ‘‘red sediment to the neighboring lowlands and 
seas.””* In a later paper (1923) Lee says the Ancestral Rockies were “comparable 
in size to the present Rocky Mountains, occupied the site of the Southern 
Rockies, and sediments were shed from them in all directions.”? Through- 
out the southern Rockies “‘overthrust faults are rare and normal faults 
are numerous.” Foldings are rare, hogbacks are common, and the deformation 
is one of “warping rather than....folding under lateral compression.’ 


‘Willis T. Lee, “Early Mesozoic Physiography of the Southern Rocky Mountains,” 
Smiths. Misc. Coll., Vol. 69, No. 4 (1918), pp. 1-41. 


2Willis T. Lee, “Building of the Southern Rocky Mountains,” Bull. Geol. Soc. 
Amer., Vol. 34 (1923), p. 288. 


30. cit., p. 280. 
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At the foot of the mountains the sedimentary formations “are either sharply 
upturned or broken off at nearly vertical fault planes.’’* In other words, 
Lee holds that the southern Rockies were formed by vertical uplift and 
not through folding. After middle Permian time Siouis was eroded to sea- 
level, and completely flooded by the Coloradoan sea during late Jurassic and 
Upper Cretaceous times. Finally, “at the close of the Cretaceous period the 
deeply buried base of the Ancestral Rockies was raised and highlands reappeared 
where the sea had been.’” 

Melton, who has also written on the Ancestral Rockies of southern Col- 
orado and New Mexico (1925), calls them the San Luis Mountains, and includes 
in them the Front Range of Colorado. The present writer would extend this 
term to all the mountains of Colorado and adjacent states made in Permo- 
Carboniferous time. The term Ancestral Rockies for Paleozoic mountains of 
Siouis is misleading, but is more useful applied to the Laramide orogeny, the 
ancestral mountains of the present Rockies. The San Luis Mountains, Melton 
says, “are believed to have reached their maximum development in Permian 
time,’ the orogeny having started ‘“‘at least during the latter part of Pennsyl- 
vanian time.’ 

Ver Wiebe holds that Siouis probably began its history in Proterozoic 
time, and this is proved by the late Cambrian paleogeography. The San Luis 
Mountains may have begun to rise late in Ordovician time, but far more cer- 
tainly at the close of Mississippian time, as is demonstrated by the very thick 
and coarse deposits of the Pennsylvanian system. ‘‘The Ancestral Rockies of 
Lee, however, began their history in middle Pennsylvanian time..... The 
following tectonic elements were the framework of the Ancestral Rockies: 
Uinta-Front Range element; Uncompahgre-Sangre de Cristo element; Defi- 
ance-Zufi element; Pedernal-Mesa de Maya element; and Amarillo-Wichita 
element.”4 All of these positive elements he thinks came into existence 
during, or even before, Proterozoic time. The Uinta element east of Salt Lake 
City continues into western Colorado with a west-east strike. The Front 
Range element of Colorado has a north-south strike, and the Sangre de Cristo 
farther south has the same, but bends toward the southwest and extends to 
central New Mexico. In the Uncompahgre and Zuni elements the strike of 
the Algonkian rocks is northwest-southeast. 

Accordingly, Siouis is an ancient positive mass that got its rock structure 
with west-east or northwest-southeast strikes in the Proterozoic, and in Paleo- 
zoic time was bounded on the west by the Cordilleran geosyncline and on the 
south by the Sonora-Ouachita trough, overlapped on the east by the interior 
epeiric seas and on the north by rare invasions from the Arctic Ocean (Fig. 1). 
After the late Cambrian and until late Devonian time, Siouis was rarely invaded 
by marine floods. These became greater in succeeding time and the old land 
was most widely covered in the Pennsylvanian and again in the early Permian 


‘Op. cit., p. 290. 
Op. cilt., p. 288. 


3F. A. Melton, “The Ancestral Rocky Mountains of Colorado and New Mex- 
ico,” Jour. Geol., Vol. 33 (1925), pp. 84-90. 


‘Walter A. ver Wiebe, op. cil., p. 765. 
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period. Later its former dimensions again came into existence, but with the 
Upper Jurassic and again with the Upper Cretaceous it was completely flooded 
by inland seas. Siouis may have been block-faulted at the close of the Ordo- 
vician, but was certainly widely so faulted at the close of the Mississippian, 
and again in late Pennsylvanian and early Permian time, when the elongate 
fault blocks of its western part trended generally northwest-southeast, and, in 
the east, north-south, finally bending toward the southwest. The younger 
Laramide north-south fold and thrust structures cross these older trend lines 
almost at right angles. Some of these statements are visualized on the paleo- 
geographic map (Fig. 1). 
CHARLES SCHUCHERT 
NEw HAVEN, CONNECTICUT 
July 14, 1930 


CHAZY-SYLVAN UNCONFORMITY AT BIG LAKE, TEXAS 


In my article on the “ Pre-Pennsylvanian Stratigraphy of Big Lake Oil 
Field, Reagan County, Texas,” I stated that ‘“‘One important angular uncon- 
formity is found at Big Lake that has not been noticed in Oklahoma. This 
occurs between the Sylvan shale (Richmond) and subjacent Ordovician strata 
of Chazy age.’ 

Mrs. Edson took exception to this and listed the following well known 
unconformities that occur in Oklahoma.” 


Post-Fernvale-pre-Sylvan (intra-Richmond) 

Post-Viola-pre-Fernvale (post-Cincinnatian-pre-Richmond) 

Post-Bromide-pre-Viola (post-Black River-pre-Trenton ?—Cincinna- 
tian) 

Post-Tulip Creek-pre-Bromide (post-Chazy-pre-Black River) 


These occur between formations that lie in the interval between the Chazy 
and the Sylvan, but they are not Chazy-Sylvan unconformities, and they are 
not correlated with the unconformity at Big Lake. I do not know of any local- 
ity in Oklahoma where the Sylvan shale is in contact with the Chazy without 
faulting. 


SHEPARD W. LowMan 
Tusa, OKLAHOMA 


August 8, 1930 


EXCHANGE OF TIME FOR TEMPERATURE IN PETROLEUM 
GENERATION 


Inasmuch as many petroleum geologists do not seem to be acquainted 
with the experiments of C. G. Maier and Stuart R. Zimmerley relating to the 


*S. W. Lowman, “ Pre-Pennsylvanian Stratigraphy of Big Lake Oil Field, Reagan 
County; Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 6 (June, 1930), p. 700. 


?Fanny Carter Edson, ‘“‘Lower Paleozoic Unconformities,”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 14, No. 7 (July, 1930), p. 947. 
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value of geologic time as against heat in the conversion of the organic matter 
in the sediment, and because of the fundamental bearing of their work on the 
genesis of oil from buried organic débris in accordance with the “geologic” 
theory of the origin of petroleum, I venture to summarize in the Bulletin some 
of the outstanding conclusions published by these authors about 6 years ago. 

Tests were made on Green River shale from Soldier Summit, Utah, yielding 
about 40 gallons to the ton by distillation. Samples of the crushed shale were 
heated in pyrex tubes at different temperatures and throughout different 
periods. Samples were ground to —6o-mesh and air dried at 105° C. When 
heated rapidly the temperature of first oil formation was found to begin at 
365° C., which, therefore, was the upper limit of temperature used in the tests. 

Tests made in tubes with perforated stoppers gave variable and confused 
results and were discarded as of little value or misleading. Thereafter pyrex 
tubes, 15 centimeters long and with a bore of 2 centimeters, containing 15 
grams of finely ground shale, were evacuated and sealed before they were 
heated for different periods, ranging from a few hours to 144 hours, at 265°, 
325°, 300°, and 275° C. Many of the tubes exploded; the pressures generated 
were very low, though they were estimated to have been as high as, or higher in 
some experiments than, 15 atmospheres (220 pounds per square inch). After 
being heated, the shale was extracted in a Soxhlet extractor, carbon tetra- 
chloride being used as a solvent, the solvent evaporated, and the extracted 
“bitumen” weighed. 

The curves showing the amount of organic matter transformed at the end 
of the various intervals have the appearance of a logarithmic curve. The work 
shows that “‘the bitumen formation is a function of the temperature and time 
of heating,” and that the amount “that can ultimately be formed does not 
depend on the temperature, but that the same amount can be obtained provided 
that the time of heating is sufficiently long.”” The rate of conversion is slower 
at lower temperatures, the change at 275° C. being too slow to make the ex- 
periment feasible. 

From the analysis of the data derived from the experiments, the authors 
deduce a formula by which the amount of bitumens to be formed at the end of 
any period at a fixed temperature can be calculated. Thus the time required 
for « per cent conversion at 100° C. would be 8.4 X 10° in years. This con- 
clusion, though highly stimulating to the geologist, is to an extent qualitative 
and approximate; neither the organic compounds in the rock nor their molecular 
weights are known. Further, the formula is based on a single type and rank of 
shale. 

Other conclusions reached are “that the formation of bitumen er se is an 
endothermic process,” and “that since the reaction of formation apparently is 
of the first order, there is no tendency for the bitumen to revert. This is in 
itself strong evidence for the belief that the bitumen is fundamentally a different 
substance from the original organic material and that the oil shales are not, as 
has been supposed by some, argillaceous or shaly material containing absorbed 
hydrocarbons.” 


“The Chemical Dynamics of the Transformation of the Organic Matter to Bi- 
tumen in Oil Shale,” Bull. Univ. Utah, Vol. 14, No. 7 (1924), pp. 62-81. 
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The work described was carried on in the Department of Metallurgical 
Research of the Engineering Experiment Station of the State School of Mines 
in codperation with the U. S. Bureau of Mines, and the Bulletin may be ob- 
tained gratis on application to the University of Utah. 

Davin WHITE 


WASHINGTON, D. C. 
July, 1930 
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The Structure of Asia. Edited by J. W. Grecory, of the University of Glasgow 
(Methuen and Company, Ltd., London, 1929). 5 x 8 inches. 227 pp. 
Price, 15 s. net. 


This collection of papers was secured by Professor Gregory for the meeting 
of the British Association for the Advancement of Science held in Glasgow in 
September, 1928. Separate chapters are as follows: Introduction, by Pro- 
fessor Gregory, 34 pp.; The European Altaids and their Correlation to the Asi- 
atic Structure, by Professor F. E. Suess, of Vienna, 23 pp.; Contribution to the 
Stratigraphy and Tectonics of the Iranian Ranges, by H. de Béckh, G. M. 
Lees, and F. D. S. Richardson, of the Anglo-Persian Oil Company, Ltd., 119 
pp.; The Tectonic Features of the East Ferghani-Alai Range, by D. I. Mush- 
ketov, Director, Geological Commission, U. S. S. R., Leningrad, 9 pp.; Recent 
Work of the Geological Survey of India on the North-West Himalaya, by 
W. D. West, Geological Survey of India, 2 pp.; The Structural Evolution of 
Eastern Asia, by George B. Barbour, Peking, 18 pp.; The Importance of Hori- 
zontal Movements in the East Indian Islands, by H. A. Brouwer, University 
of Delft, 2 pp. 

Petroleum geologists are afforded an opportunity to learn about the re- 
gional geology of Persia; of details, hitherto unpublished, regarding the re- 
markable salt domes with salt glaciers in islands of the Persian Gulf and on 
the mainland; and a bit about the geology of Guatemala, Colombia, and Ven- 
ezuela, with columnar and cross sections. These data were published with the 
permission of the Anglo-Persian Oil Company, Ltd. 

The tectonic map of Persia shows the location of sixty-three salt domes, 
many of which are described in the text. Cambrian fossils have been found in 
the rocks intruded with the salt core in several salt domes. Igneous rocks within 
the sedimentary column have been cut by several salt cores. The following 
quotation gives some of the salient facts. 

1. Rock salt is capable of flowing like ice. It may be pressed upward along lines 
of weakness and form accumulations. 

The salt domes of Persia give, perhaps, the most perfect exposure and clearest 
evidence of this behavior of the salt. We shall describe two of the most spectacular 
examples of the flowing of salt, and show how even great salt glaciers may be formed. 

Kuh-i-Angura salt-plug has burst through the highest crest of a long anticline 
|Fig. 1]. Erosion has exposed Cretaceous rocks in the core of this fold, and massive 
Eocene limestones form an elliptical amphitheatre. The salt appears to have been 
squeezed out of a central vent in the Cretaceous limestone, and when a great mass of 
salt had accumulated it began to flow downhill, like an ice glacier. It has almost 
completely overridden and enveloped the Eocene limestone scarp on the southern 
flank of the fold, with the exception of two peaks which still protrude through the salt 
mass. The sketch shows clearly how the flow of the salt was diverted by topographical 
obstacles and how it finally reached the alluvial plain. 

2. In some cases an accumulation of salt may take place and yet not reach the 
surface, retaining a cover of overlying sediments. Under certain circumstances, if the 
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movement of salt has ceased, ground water may leach out the salt to a certain level, 
forming an even surface, the so-called ‘ ‘Salzspiegel” of German authors. The cover 
of the salt being unsupported will then collapse and break in, forming a chaotic jumble 
of rocks above the salt-plug. 

In other cases, the salt may reach the surface. ...the leaching-out and erosion 
may result in the characteristic negative topographic form, the “ Salztrichter.”’ 

3. The movements of the salt and its migration from its original position of de- 
position toward points of weakness are slow and steady processes, though not necessar- 
ily continuous. The uprise is governed by local conditions and therefore may take 
place at different periods in different localities. Many of the Persian Gulf salt-plugs 
afford clear evidence of the age of the movement of the salt by the development of 
conglomerates of various ages in their vicinity. 

The salt-plugs are generally more or less oval in horizontal section, owing to the 
fact that this form demands the minimum force to burst through the covering rocks, 
which may be already slightly arched. 

In some cases the salt and rocks of the salt series are intrusive in faulted zones. 


Another detail is worth transcription because it relates to the age of 
folding of the oil-bearing anticlines, Maidan-i-Sulaiman (formerly referred to 
as Maidan-i-Naftun) and Naft Khaneh. The question has been raised whether 
the anticlines were initiated after the deposition of the oil-bearing Asmari 
limestone, of Lower Miocene age. De Béckh and his colleagues write: 

We have to admit that epeirogenetic movements, causing the slow folding of major 
anticlines and synclines, may also play a part in the squeezing out of the Lower Fars 
(overlying the Asmari), but... .the squeezing out of the Lower Fars has no connection 
with orogenic movements and might be classified amongst the synepeirogenetic 
movements. [Illustrations of this type of flowage were reproduced in this Bulletin, 
Vol. 13, No. 6 (June, 1929), pp. 686-87.] In Masjid-i-Sulaiman it can be proved that 
the higher stages (of the Lower Fars) overlap towards certain parts of the anticline 


In discussing continental drift, de Béckh describes the geology of Guate- 
mala, Colombia, and Venezuela. He reports graptolite-bearing shales of 
Ordovician age from the Cordillera Central, near Puerto Berrio, Colombia. 
He also mentions the presence of salt domes about 40 miles north of Bogota. 

This volume is a very stimulating treatise on tectonic geology and is 
recommended to all interested in the broader phases of structural geology. 

SIDNEY POWERS 

Tusa, OKLAHOMA 

July 15, 1930 


Deposition of the Sedimentary Rocks. By J. E. Marr (Cambridge University 
Press, 1929; The Macmillan Company, New York). 5 X 7% inches. 245 
pp. Price, $2.40 (7s. 6d.). 


The author has given, ina very interesting manner, an account of the main 
features of the sedimentary deposits which remain, with minor changes, as 
they were found. The effects of pressure, cementation, and crystallization are 
considered of minor importance, but he points out that rocks can change their 
characteristics as a result of these changes. 

Uses of lithology and fossils and their importance to the geologist in 
determining ages of formations are described. The importance of a study of 
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deposits of land masses and of a comparison of these with marine formations 
now being formed is stressed. 

Marine deposits are divided into belts of sedimentation: an inner belt ad- 
joining the coast is called the belt of variables; farther out, where conditions 
are more uniform, is the mud belt; and outside the outer side of the mud line 
is the organic belt where the main organic deposits are found. Cycles and epi- 
cycles of deposition are discussed, showing clearly the reasons for differences 
in deposits. Except for differences in detail, conditions are shown to be much 
the same throughout wide areas, and sediments are much the same in lithology 
and organic content throughout the world, but no one small area can be used 
as a criterion for the rest of the world. Data should be gathered from as many 
places as possible and the present as well as the past should be drawn on to 
solve geologic problems. 

A study of this book is valuable to both the geographer and the geologist. 


DOLLIE RADLER 
TuLtsa, OKLAHOMA 


July 17, 1930 


Grundfragen der Oelgeologie (Basic Questions of Oil Geology). By Kart 
Krejcr (Verlag von Ferdinand Enke, Stuttgart, 1930). 182 pp., 7 figs. 
Price,20 M. 


The author is thoroughly familiar with the conditions in the Roumanian 
fields and has the advantages and disadvantages of such a position, having 
had to rely on the literature for information concerning most of the other 
oil-producing areas. 

The first chapter is on nomenclature of sediments, bitumina, bituminous 
rocks, and water. 

In the second chapter, source rocks are defined as dark (ordinarily black) 
shales (and possibly limestones) containing adsorbed bitumen and pyrites. 
Calcareous fossils are absent, but horny substance is preserved (fish scales). 
There are no indications of wave action or other movements during deposition, 
as these would have destroyed the organic substance before it was transformed 
into oil. This is the way source rocks look now, after the oil has left them. 
They have been deposited in places without currents or where the H,S content 
of the water does not permit oxidation. Such places are either lagoons or 
similar shallow waters near the coast in which the sedimentation later changes 
to salt, or large basins like the Black Sea. The source rock in Roumania is 
the Cornu formation (upper Oligocene). 

Migration (chapter 3) is due to differential pressure (overburden, struc- 
tural stresses, pressure of liquids and gases) and capillary attraction. Plastic 
rocks, and still more, liquids and gases, move from areas of higher pressure 
to areas of lower pressure. These substances move into unfilled pores and cav- 
ities, toward the axis of an anticline and toward the surface. Where source 
bed and present reservoir are separated by impervious strata, the migration 
is supposed to take place along fissures and crevices ordinarily formed by tec- 
tonic movements. Veins of ozokerite and asphalt prove the existence of such 
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conduits. In upfolded areas of Roumania a thick series of sands separated - 
by shale contains oil, in places even below and above a thrust plane of con- 

siderable magnitude, and the author believes that all this oil has migrated . 4 


upward from the underlying Cornu formation. In view of the extremely com- 
plicated structure of the Carpathians, which is not yet fully understood in all 
details, the author’s ideas should be applied to other fields only if they check 
with all the known facts. Evidence of migration along fissures is not plentiful ; 
in other fields. In spite of the evidence in many publications, the author be- a 2 
lieves that the low dips in the Mid-Continent field do not permit anticlinal Eee. 
accumulation, but thinks it due to physical properties of the reservoir rock. ae 
It must be emphasized that most pools in the Mid-Continent are anticlinal 

and that accumulation in the upper part of sand lenses is only a special case 

and is in full conformity with the anticlinal theory. Movements along low 

angles may require more time, and may be too slow for accumulation in young | 
formations. 

In chapter 4, on reservoir rocks, it is stated that lime producers are of longer 
life than wells in sandstone. The opposite is true in the Mid-Continent field. 

Chapter 5, on distribution of contents in the reservoir, gives very interest- 
ing facts on Roumania. There is no connection between amount of accumu- 
lated oil and distance to the adjoining synclines. The production extends far- 
ther down on the steeper flank of the anticlines and also along the anticlinal 
axis. The area of oil accumulation becomes smaller in consecutively higher 
sands. Paraffine oil becomes lighter closer to the surface, but asphalt oil be- 
comes heavier due to seepage and oxidation. Water analysis can not be used 
for correlation. These facts tend to support the theory of a common origin of 
the oil and water of one pool in a common source rock underneath the producing 
sands. They are local conditions and not general in the oil fields of the world. 

In chapter 6, on pressure, we learn that in Roumania the pressure in the 
reservoir may be higher than the hydrostatic pressure corresponding with the 
depth. 

Chapter 7 deals with the evolution of the contents of the deposit. The 
author considers the contribution of organic substance from more highly organ- 
ized animals or plants as negligible. Most of the oil is derived from plankton. 
As most of these organisms have no skeleton and lime shells are dissolved, there 
is only slight chance of finding remains of the oil-forming low animals and plants 
in the source rocks. Protein and fat furnished the bulk of the oil. It is thought 
to be formed in the early diagenetic stages before the sediment becomes solid, a 
at low temperature and not at great depth. Different grades of oil are partly , 
due to chemical changes (catalyzers), partly to filtration, adsorption of : 
paraffine, or deposition of paraffine on account of gas expansion. Asphaltic ay 
oils are due to oxidation near the present or a fossil surface. The author does : 
not favor calling oil-field waters fossil sea water. The main reasons are: differ- 
ence in chemistry, especially iodine content, of oil-field waters, salt-water 
content of fresh-water deposits, and lack of water in many water deposits. 
The author thinks that at a distance from the oil regions the sediments do not 
contain salt water. The very first stages of consolidation of fresh sediments 
consist in losing most of the water. The deposited organic matter contains 
enough water to account for all the oil-field waters. The plankton organisms 
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contain as much as gg per cent of water. If any organic matter is oxidized, 
additional water is formed. This water takes up the chlorides, bromides, and 
iodides contained in the organic matter, thus forming the present oil-field 
waters as a by-product of the oil (salt deposits commonly furnish additional 
NaCl). Both oil and water have migrated from the source rock to their present 
position. 

In chapter 8 the evolution of deposits is traced from the formation of the 
source rock, through migration, into large accumulation, and to the final de- 
struction by erosion. 

Chapter 9 deals with geothermic problems. 

Chapter 1o contains a few hints for the field geologist and production 
engineer. 

The 11th and final chapter contains tables and remarks on the stratig- 
raphy of various oil regions showing the facies of the oil series. In the United 
States we find Ohio, Washington County, Utah, Gulf Coast, Navajo country, 
Sweetgrass Arch, Howard County, North-Central Texas, Bexar County, 
Texas, Ventura Avenue, and Wyoming. A section from the Oklahoma-Kansas 
region would not have been out of place. The Roumanian Tertiary section is 
given in detail. Traces of oil in granite underneath oil sand in the Vienna 
basin are of interest. 

Though the author has not solved all the basic questions of oil geology, 
he has furnished many valuable observations and his theories are worth testing 
in all the oil fields of the world. Thus many of these difficult problems will 
be brought closer to solution. 

Epwarp BLoEscu 

Tusa, OKLAHOMA 

July 19, 1930 


Petroleum Development and Technology, 1930. By the Petroleum Division, 
American Institute of Mining and Metallurgical Engineers, Inc., 29 West 
30th Street, New York, N. Y. (1930). 610 pp., illustrated, cloth. Price, 
$5.00. 


The 1930 volume of the Petroleum Division of the A. I. M. M. E. came off 
the press in early July. The book contains 610 pages inclusive of index. 

The volume contains the papers presented at sessions of the Petroleum 
Division of the Institute, including meetings at Tulsa and Los Angeles in 1929 
and at the annual meeting in New York in February, 1930. Papers are included 
on unitization, production engineering, research, economics, production review 
of the producing districts, refining and engineering education. 

There are 70 papers and discussions requiring 130 pages on the sub- 
ject of unit operation, or codéperative development of oil and gas pools. This 
is the most complete discussion of that interesting subject yet collected. Henry 
L. Doherty, who is considered the father of the unit operation plan, took an 
active part in the discussion. As usual, much of the volume is devoted to pro- 
duction engineering and research. Under Production Engineering, there are 
chapters on Well Spacing, Gas-Oil Ratios, Hydraulics of Flowing Wells, In- 
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creasing the Extraction of Oil, Valuation Methods, etc., and under Research, 
chapters on Oil Recovery, Cementing Wells, Drilling Muds, and Corrosion. 
A chapter is devoted to Petroleum Economics, and Domestic and Foreign 
Production are each covered in a separate chapter. 

Any person engaged in the oil business who desires to keep abreast with 
new methods, new plans, new discoveries in production methods, and the do- 
mestic production statistics of the past calendar year should read this volume 
and have it available for reference. 

James H. GARDNER 

Tutsa, OKLAHOMA 

July 21, 1930 


RECENT PUBLICATIONS 


AFRICA 


“Sind in Siidafrika nutzbare Ollagerstitten zu erwarten?” by K. Hummel. 
Petrol. Zeits. (Berlin, August 6, 1930), pp. 835-37. 


CALIFORNIA 


“What the Drill Reveals of Subsurface Geology at Venice,’ by Thor 
Warner. Petroleum World and Oil Age (Los Angeles, California, August, 
1930), pp. 78-80, 1 illus. 

“Presence of the McLure Shale on the West Side of San Joaquin Valley,” 
by Gerard Henny. Petroleum World and Oil Age (Los Angeles, California, 
August, 1930), pp. 97-90, 117, 3 illus. 


COLORADO 


“The Flora of the Denver and Associated Formations of Colorado,” by 
F. H. Knowlton (a posthumous work, edited by E. W. Berry). U. S. Geol. 
Survey Prof. Paper 155 (Supt. Documents, Washington, D. C.). 


GENERAL 


Sand Movement, Beaches, and Kindred Subjects. A Bibliography, by H. E. 
Haferkorn, librarian, Engineer School Library, Army War College, D. C. A 
bibliography with 1,101 items and an index on sand movement and beaches, 
including references on bars, bays, coast changes, currents, erosion, estuaries, 
shore lines, tides, waves, and wave actions. A copy of this valuable bibliog- 
raphy can be obtained from the author gratis. 

Compte Rendu du II’ Congrés International de Forages (Second Interna- 
tional Drilling Congress, Paris, September 16-23, 1929). These proceedings 
form a work of 718 pages divided into several chapters: (1) organization of the 
congress, a general list of delegates, program of the congress, entertainments, 
and excursions; (2) technical papers. The papers, 67 in number, are supple- 
mented by discussions. They include 19 reports on geology and stratigraphy; 
Io reports on geophysical methods of prospecting; 18 on drilling technique 
and related subjects; 5 on drilling application; 13 on economics and statistics 
of drilling and recording of results; and 2 on drilling laws. Orders taken by the 
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secretary of the Congress, 85 Boulevard du Montparnasse, Paris (6°). 2 vols. 
718 pp. Price, too francs. 

“Die Permformation und das Erdél,” by A. F. von Stahl. Petrol. Zeits. 
(Berlin, August 6, 1930), pp. 838-40. 


GEOPHYSICS 


“‘Geo-electrical Exploration Methods Used in Oil Fields,” by Helmer Hed- 
strom. Oil Weekly (Houston, Texas, July 25, 1930), pp. 34-36, 82, 3 figs. 


JAPAN 


“Petroleum Resources of Japan Described by Imperial Geologist,” by 
Yoshinosuke Chitani. Oil and Gas Journal (Tulsa, Oklahoma, August 14, 1930), 
pp. 165, 166, 160. 

OKLAHOMA 

Oil and Gas in Oklahoma. Oklahoma. Geol. Survey Bull. 4o (Norman, 
Oklahoma). Volume I, general papers; 287 pp.; price, cloth-bound, $1.65. 
Volume II, western counties; 501 pp.; price, cloth-bound, $3.15. Volume III, 
eastern counties; 663 pp.; price, cloth-bound, $4.70. Volumes I, II, and II, 
per set, cloth-bound, $8.85. 


TEXAS 
“Ground Subsidence at Sour Lake, Texas,”’ by E. H. Sellards. Min. and 
Met. (New York, August, 1930), pp. 377-80, 3 figs. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not consti- 
tute an election, but places the names before the membership at large. If any 
member has information bearing on the qualifications of these nominees, he 
should send it promptly to J. P. D. Hull, business manager, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Clifford Carl Church, San Francisco, Calif. 

L. C. Decius, W. J. Classen, G. D. Hanna 
Nikolas D. Elin, Grozny, U.S. S. R. 

B. Zavoico, Russell S. Tarr, Hastings Moore 
William Earl Heater, Los Angeles, Calif. 

W. S. W. Kew, Norman Hardy, Leslie M. Clark 
Robert G. Kurtz, Artesia, N. M. 

Wilson B. Emery, W. T. Nightingale, C. A. Mix 
Donald M. Reese, Fort Worth, Tex. 

P. R. Yewell, F. K. Foster, H. Smith Clark 
Arlington Waggener, Houston, Tex. 

Donald C. Barton, Sidney Powers, Eugene McDermott 
William B. Winston, Maracaibo, Venezuela, S. A. 

Robert L. Marston, E. S. Bleecker, P. E. Nolan 


FOR ASSOCIATE MEMBERSHIP 


Lewis Coleman Broun, Golden, Colo. 

W. A. Waldschmidt, W. S. Levings, J. H. Johnson 
Waldo E. Burton, Tulsa, Okla. 

F. Julius Fohs, B. F. Robinson, Milton M. Mershon 
Delmar Ray Criswell, Lubbock, Tex. 

L. T. Patton, M. A. Stainbrook, W. I. Robinson 
Field M. Davis, Wink, Tex. 

A. L. Ackers, R. DeChicchis, A. L. Selig 
Josef Faust, Oklahoma City, Okla. 

R. W. Brauchli, Willard L. Miller, M. E. Carpenter 
William Irving Gardner, San Francisco, Calif. 

Edward D. Lynton, R. E. Darke, Max Steineke 
J. Sterling Gilbert, Lamont, Okla. 

V. E. Monnett, C. E. Decker, A. J. Williams 
Landes H. Hayward, San Antonio, Tex. 

Frank D. O’Neill, Walter A. English, Donald D. Hughes 
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William C. Imbt, East Stroudsburg, Pa. 


Carey Croneis, Edson S. Bastin, D. J. Fisher 


Joseph M. Maxwell, Denver, Colo. 


W. A. Waldschmidt, F. M. Van Tuyl, J. Harlan Johnson 


Jacob L. Patton, Austin, Tex. 


R. L. Cannon, Joe Cannon, R. F. Imbt 


Horace E. Rankin, St. Louis, Mo. 


R. E. Shutt, Ernest Guy Robinson, G. D. Thomas 


William Reid, Jr., Houston, Tex. 


J. E. LaRue, L. T. Barrow, L. P. Teas 


Minette Ries, San Angelo, Tex. 


R. E. Rettger, Hedwig T. Kniker, Paul A. Schlosser 


Floyd C. Smith, Wichita Falls, Tex. 


B. E. Thompson, V. E. Monnett, Herbert Aid 


Gerald M. Stafford, Kerrville, Tex. 


F: L. Whitney, Fred M. Bullard, Robert H. Cuyler 


Vernon Taylor, Calgary, Alta., Canada 


Linn M. Farish, P. D. Moore, Theo. A. Link 


William A. Thompson, Des Moines, lowa 


A. C. Trowbridge, A. C. Tester, George H. Norton 


Oscar Edward Walton, San Angelo, Tex. 


R. B. Whitehead, Edgar Kraus, Niles B. Winter 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


James L. Ballard, Tyler, Tex. 


John G. Bartram, J. E. Hupp, R. Clare Coffin 


A. J. Bauernschmidt, Jr., Sulphur, La. 


Francis E. Heath, D. M. Collingwood, J. A. Waters 


Carl F. Beilharz, E] Dorado, Ark. 


A. A. Langworthy, Chase E. Sutton, Ira H. Cram 


Francis F. Bowman, Jr., Los Angeles, Calif. 


W. D. Kleinpell, Louis N. Waterfall, E. B. Noble 


Ralph A. Brant, Tulsa, Okla. 


W. J. Allen, E. D. Luman, Virgil O. Wood 


Ervin O. Buck, Midland, Tex. 


H. M. Bayer, H. B. Fuqua, Paul Weaver 


Thomas W. Buzzo, San Antonio, Tex. 


Charles H. Row, D. E. Lounsbery, M. A. Harrell 


Ian Campbell, Cambridge, Mass. 


Henry V. Howe, U.S. Grant, Kirtley F. Mather 


Robert P. Clark, Houston, Tex. 


John F. Weinzierl, L. G. Christie, John C. Myers 


Chalmer L. Cooper, Norman, Okla. 


V. E. Monnett, C. FE. Decker, Charles N. Gould 


H. D. Crider, Muskegon, Mich. 


H. P. Bybee, A. F. Crider, George D. Morgan 


Wayne H. Denning, Golden, Colo. 


Charles M. Rath, R. Clare Coffin, Harry A. Aurand 
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Kenneth A. Ellison, Tulsa, Okla. 

Thomas W. Leach, M. M. Valerius, Robert S. Burg 
Frank G. Evans, Jr., Tyler, Tex. 

A. C. Wright, Angus McLeod, W. Dow Hamm 
Preston Fergus, Monroe, La. 

John S. Ivy, A. F. Crider, Leslie S. Harlowe 
G. G. Frazier, Denver, Colo. 

John G. Bartram, R. Clare Coffin, Thomas H. Allan 
Alan J. Galloway, San Francisco, Calif. 

Paul D. Torrey, Roy R. Morse, Frank S. Hudson 
Sam Grinsfelder, Abilene, Tex. 

Robert N. Kolm, H. G. Daniels, Edgar A. Keeler 
Edwin V. Hanson, Houston, Tex. 

A. T. Schwennesen, John C. Myers, Roscoe E. Shutt 
Perry R. Hanson, Wichita, Kan. 

Dollie Radler, John L. Ferguson, J. L. Garlough 
Lynn L. Harden, Fort Worth, Tex. 

F. K. Foster, Wesley G. Gish, H. Smith Clark 
Howard A. Kelley, Los Angeles, Calif. 

D. Bruce Seymour, R. M. Barnes, D. D. Hughes 
James M. Kirby, San Francisco, Calif. 

Austin Cadle, G. C. Gester, S. H. Gester 
George L. Knox, Bakersfield, Calif. 

S. H. Gester, G. M. Cunningham, G. C. Gester 
Charles B. McClintock, Oil City, Pa. 

F. E. Eckert, Roswell H. Johnson, Paul D. Torrey 
Russell L. McCullough, Wichita, Kan. 

J. M. Nisbet, William F. Absher, Robert L. Kidd 
James Paul McKee, Ardmore, Okla. 

S. H. Woods, A. W. Lauer, J. N. Troxell 
Clarence E. Manion, Los Angeles, Calif. 

H. W. Hoots, Desaix B. Myers, E. B. Noble 
Joseph H. Markley, Jr., Wichita Falls, Tex. 

Urban B. Hughes, R. S. Powell, F. C. Sealey 
Henry J. Morgan, Jr., San Angelo, Tex. 

R. B. Whitehead, E. H. Finch, Edgar Kraus 
John H. Nelimark, Oklahoma City, Okla. 

Harry L. Baldwin, Jr., Oscar Hatcher, A. I. Levorsen 
Dwight C. Roberts, Los Angeles, Calif. 

A. A. Curtice, James T. Wood, Jr., H. W. Hoots 
Clarence W. Sanders, Jr., El Reno, Okla. 

Frank C. Greene, Fanny C. Edson, T. K. Harnsberger 
John R. Schwabrow, Shelby, Mont. 

E. B. Emrick, C. E. Erdmann, Carroll E. Dobbin 
LeMoine Oscar Seaman, Abilene, Tex. 

Edgar A. Keeler, H. Smith Clark, Wesley G. Gish 
Ed. Guthrie Shakely, St. Louis, Mo. 

G. S. Rollin, Ernest Guy Robinson, W. van Holst Pellekaan 
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Frank R. Stockton, Bakersfield, Calif. 

S. H. Gester, G. C. Gester, G. M. Cunningham 
O. E. Stoner, Tulsa, Okla. 

A. I. Levorsen, John M. Herald, T. C. Hiestand 
Cyril B. Taylor, Abilene, Tex. 

Wesley G. Gish, Robert N. Kolm, H. G. Daniels 
Harold C. Vanderpool, Houston, Tex. 

R. H. Goodrich, L. T. Barrow, L. P. Teas 
Edwin A. Wahlstrom, Carlsbad, N. M. 

Ronald K. DeFord, R. Clare Coffin, John G. Bartram 
Warren H. Wynn, Shawnee, Okla. 

Charles R. Hoyle, D. A. McGee, J. T. Richards 
Lloyd I. Yeager, Wichita, Kan. 

A. F. Morris, Frank T. Clark, A. W. Ambrose 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Smwwney Powers, chairman, Box 2022, Tulsa, Oklahoma 
Marvin Lez, secrelary, 612-18 Brown Building, Wichita, Kansas 
J. Y. Snyper, 1211 City Bank Building, Shreveport, Louisiana 

R. D. REeEp, 1110 Glendon Way, South Pasadena, California 
F. H. Lanee, Box 953, Dallas, Texas 


GENERAL BUSINESS COMMITTEE 


E. DeGoLyer (1931), chairman, 65 Broadway, New York, N. Y. 
ALEXANDER DEUSSEN (1931), vice-chairman, 1606 Post Dispatch Building, Houston, Texas 


Swwney Powers (1932) Tueopore A. Link (1931) R. F. Ist (1931) 

. Y. SNYDER (1931) H. B. Fuqua (1931) Cuas. H. Row (1931) 

. D. REEp (1931) A. C. TROWBRIDGE (1931) S. P. BorpEN (1931) 
Marvin LEE (1931) J. M. VETTER (1931) R. E. DicKERSON (1931) 
Freperic H. LAwEE (1931) S. A. GROGAN (1931) A. W. Duston (1931) 

M. G. CHENEY (1931) H. J. WaASSON (1931) A. I. Levorsen (1931) 
Victor CoTNER (1932) E. F. Davis (1931) L. W. Kester (1931) 

R. E. Somers (1931) Frank A. MorGan, JR. (1931) Donatp C. BarTON (1931) 
Husert Bae (1931) Cuartes M. Rata (1931) Atex W. McCoy (1931) 


RESEARCH COMMITTEE 


Aex W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Okla. 
Donatp C. Barton (1933), vice-chairman, Petroleum Building, Houston, Texas 


K. C. HEALp (1931) C. R. Ferrxe (1932) W. C. SPOONER (1932) 
F. H. Lagee (1931) A. 1. Levorsen (1932) W. T. Tuo, Jr. (1932) 
R. C. Moore (1931) SmpNEY Powers (1932) F. M. Van Tuyt (1932) 
F. B. PrumMer (1931) R. D. REED (1932) W. E. WRaTHER (1932) 
M. K. Reap (1931) L. C. SNIDER (1932) 


REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 
ALex W. McCoy (1931) R. C. Moore (1933) 


REPRESENTATIVES ON NATIONAL STRATIGRAPHIC NOMENCLATURE COMMITTEE 
A. I. Levorsen, chairman, Independent Oil and Gas Company, Philtower Building, Tulsa, Okla. 
M. G. CHENEY C. J. Hares 


NOMINATING COMMITTEE FOR POPULAR SCIENCE MONTHLY COMMITTEE OF AWARD 
L. C. Snwer, chairman, Henry L. Doherty and Company, 60 Wall Street, New York, N. Y. 
T. S. Harrison C. R. McCottom 


METHOD OF ELECTION OF OFFICERS 


W. E. WRaTHER, chairman, 4300 Overhill Drive, Dallas, Texas 
H. B. Fuqua, vice-chairman, Box 737, Fort Worth, Texas 


A. F. Crier W. B. Heroy FRANK S. Hupson 
R. E. Dickerson J. V. 


REVOLVING PUBLICATION FUND 
E. DeGotyer, chairman, 65 Broadway, New York, N. Y. 


RESEARCH FUND 
Luter H. Warre, chairman, J. A. Hull Oil Company, Tulsa, Oklahoma 


ASSOCIATION SEAL COMMITTEE 
R. C. Moore, chairman, University of Kansas, Lawrence, Kansas 
Joseru M. Witson C. A. CHENEY Harotp W. Hoors 
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WANTED— ideas for an Association seal. A committee has been ap- 
pointed to select and submit to the general business committee sketches for an 
official Association seal. Suggestions are desired. Please make a sketch or 
design and send it to R. C. Moore, chairman, Association Seal Committee, 
University of Kansas, Lawrence, Kansas. 


EMPLOYMENT 


The Association maintains an-‘employment service at headquarters under 
the supervision of J. P. D. Hull, business manager. 

This service is available to members who desire new positions and to 
companies and others who desire Association members as emplovees. All re- 
quests and information are handled confidentially and gratuitously. 

To make this service of maximum. value it is essential that members 
coéperate fully with Mr. Hull, especially concerning positions available to 
active and associate members. 


D. M. Casutn, chief geologist for the Navarro Oil Company, Houston, 
Texas, has resigned to become chief geologist for the Warner-Quinlan Company, 
with offices in Dallas. 


Harry H. Power has been appointed chief engineer of the Gypsy Oil 
Company, Tulsa, Oklahoma, to succeed R. L. Wricut, who has resigned. 


Tuomas S. HARRISON has recently moved from Denver, Colorado, to Cal- 
ifornia. His new address is Box 324, Encinitas, California. 


Howarp C. WarREN has resigned from the Empire Companies and has 
formed the firm of Warren and Boykin, consulting geophysicists, Box 1311, 
Houston, Texas. 


W. P. Jenny has recently accepted a position as geophysicist for the Mag- 
nolia Petroleum Company, Dallas, Texas. 


GEORGE W. SNIDER is employed in the geology and land department of 
the Darby Petroleum Corporation, 1514 Milam Building, San Antonio, Texas. 


Ditworts S. HAGER has moved his office from Dallas, Texas, to 515-516 
Milam Building, San Antonio, Texas. 


Grapy Kirsy is in charge of geological work in the Gulf Coast district and 
in southwest Texas for the Sinclair Oil and Gas Company. His address is 914 
Esperson Building; Houston, Texas. 


J. S. Ross, 2012 Hemphill Street, Fort Worth, Texas, has an article on 
“Cotton Valley Deep Sand Development”’ in the July 24 issue of the Oil and 
Gas Journal. 
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Donuit Hitus, formerly of 728 South New Hampshire Avenue, Los 
Angeles, California, is now geologist for the Robert Oil Corporation, Brecken- 
ridge, Texas. 


W. Taytor TuoM, Jr., and Ricuarp M. FIE of Princeton University, 
Princeton, New Jersey, have a brief article on ‘“‘The Advancement of Geology 
Through Coéperative Research” in the August 1 issue of Science. 


A. N. Murray, of the department of geology, University of Tulsa, Tulsa, 
Oklahoma, has an article on ‘‘Limestone Oil Reservoirs of the Northeastern 
United States and of Ontario, Canada,” in the August issue of Economic Geology. 


G. C. Porrer has resigned as Chief geologist for the McMan Oil and Gas 
Company, Tulsa, to engage in independent geological consulting work. His 
offices will be at 625 McBirney Building, Tulsa, in care of the Exchange Drilling 
Company. 


Lewis W. MACNAUGHTON resigned as geologist for the Rycade Oil Cor- 
poration, effective July 1, to become district geologist for the Amerada Petro- 
leum Company in charge of their east and southwest Texas district. Mr. Mac- 
Naughton’s headquarters will be 1718 Milam Building, San Antonio, Texas. 


GEORGE M. BEvIER, 2106 Truxillo Street, Houston, Texas, has resigned as 
chief geologist for The Pure Oil Company in the Gulf Coast district, and will 
engage in consulting practice with headquarters at Houston. He will carry on 
geological investigations as before, together with seismograph interpretative 
work. 


GeorGE Oris Situ, director of the U. S. Geological Survey, Washington, 
D. C., has an article on “The Engineer’s Larger Opportunity” in the August 
issue of Mining and Metallurgy. 


H. Foster Barn, secretary of the American Institute of Mining and Met- 
allurgical Engineers, has an article on “‘ Minerals in a Power-Controlled World” 
in the August issue of Mining and Metallurgy. This article is an excerpt from 
an address delivered before the World Power Conference, Berlin, June 17, 1930. 


Marcet E. Touwampe, for the last two and a half years a petroleum 
engineer for the Royal Dutch group in Borneo, is now prospecting for oil in 
French Morocco. His address is: Souk el Arba du Gharb, Morocco. 


James B. TEMPLETON, consulting geologist, 2910 West Broadway, Mus- 
kogee, Oklahoma, who returned June 1 from San Domingo, has left for several 
months’ work in Europe. 


The San Antonio Section of the Association held its August meeting at 
Corpus Christi, Texas, on Saturday, August 2. The purpose of this meeting 
was to get together as many as possible of the geologists working in the Corpus 
Christi area of the San Antonio district, and discuss problems of especial in- 
terest in that area. The meeting was attended by approximately one hundred 
thirty geologists and guests. A dinner was held on the Plaza Hotel “‘Deck”’ 
and was followed by the presentation of the following papers: ‘‘The Physiog- 
raphy and Geology of the Beaumont Formation” and “The White Point- 
Saxet Gas Field” by W. Armstrong Price; “‘The Agua Dulce Gas Field” by A. 
E. Getzendaner; ‘“‘The Mount Lucas Gas Field” by Phillip F. Martyn; ‘The 
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Pettus Oil Field” by Bruce Whitcomb; and “The Refugio Field” by George 
Maddren. The visiting ladies were entertained by the wives of the Corpus 
Christi geologists at a dinner and a bridge party at the Nueces Hotel from 7:00 
to 11:00 P. M. At the conclusion of the technical session and the bridge party 
many of the geologists and the ladies attended a dance held on “The Ship” in 
Corpus Christi bay. Arrangements for the meeting were very capably handled 
by the geologists and their wives located at Corpus Christi, and especial credit 
for the meeting should go to A. E. Getzendaner, who had supervision of the 
arrangements. 


R. S. McFartanp has been elected vice-president of the Sunray Oil Cor- 
poration, with headquarters in Tulsa. 


James W. KisLinc, Jr., of the Amerada Petroleum Corporation, has been 
transferred from Shreveport, Louisiana, to Roswell, New Mexico. 


A. J. BAvERNscuMIDT, Jr., is paleontologist for the Union Sulphur Com- 
pany at Sulphur, Louisiana. 


H. E. RepMon has resigned from Thompson and Black, of Tulsa, to accept 
a position with the National Refining Company at El Dorado, Kansas. 


Cyrus W. Maca tts is employed by the Arkansas Fuel Oil Company. His 
address is 1925 Alamo National Bank Building, San Antonio, Texas. 


RoBeErt H. Durwarp is employed in the geological department of the Big 
Lake Oil Company at Texon, Texas. Metvin J. Couns is chief geologist 
and head of this department. 


RopERIcK BuRNHAM, of the Burnham Exploration Company, and until 
recently manager of lands of the Union Oil Company, Los Angeles, California, 
is executive vice-president and treasurer of the Central American Aviation 
Corporation, which recently inaugurated a new air line from Los Angeles to 
Guatemala, South America. 


R. P. McLavucuLtn, petroleum engineer and geologist, 850 Subway Ter- 
minal Building, Los Angeles, California, has an article on ‘“ Making Crooked 
Holes Useful” in the August issue of the Oi/ Bulletin. 


J. E. Extiort, president of the Elliott Core Drilling Company at Los An- 
geles, and RutH PLuMMER TERRY, of Portland, Oregon, were married July 23 
at the Biltmore Hotel, Los Angeles, California. 


J. Eimer Tuomas, consulting geologist, of Fort Worth, Texas, has an 
article on “California’s Oil Industry Through Texas Eyes” in the August issue 
of Oil Bulletin. 


J. J. Zortcuak has been appointed petroleum engineer for the Midwest 
Refining Company, with headquarters at Casper, Wyoming. He succeeds 
Frep E. Woop, who has resigned to accept a position as petroleum engineer 
in the production department of the Standard Oil Company of Indiana, g10 
S. Michigan Avenue, Chicago, Illinois. 


In an item in the July Bulletin to the effect that Kart E. Younc has 
organized the Louisiana Paleontological Laboratories, Inc., the address was 
inadvertently given as Lafayette, Louisiana. The laboratories are located at 
Baldwin, and Mr. Young’s correct address is Box 218, Baldwin, Louisiana. 
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J. H. Tanpy, formerly with the Dixie Oil Company, has opened a consult- 
ing office at 533 Tulsa Trust Building, Tulsa, Oklahoma. 


WILLIAM M. Howarp, of San Antonio, Texas, is now employed by the Gulf 
Exploration Company, at Batavia, Java, D. E. I. 


‘MARIA SPENCER is employed as a paleontologist by the Superior Oil Com- 
pany at San Angelo, Texas. 


James B. Hoover is core drill geologist for the Shell Petroleum Corpora- 
tion at Dallas, Texas. 


EvuGENE A. STEPHENSON, Pittsburgh, Pennsylvania. has accepted the 
position of professor of petroleum engineering at the Missouri School of Mines 
and Metallurgy, Rolla, Missouri. 


Wes -ey G. Gisu, chief geologist for the Sinclair Oil and Gas Company, at 
Tulsa, Oklahoma, has been made a vice-president and director of the company. 


C. C. HorrmMan, who has been district geologist at Fort Worth, ‘Texas, for 
the Empire Gas and Fuel Company, has been transferred to Bartlesville, 
Oklahoma, and has been made chief geologist of the Cities Service Gas Com- 
pany. 


O. StutzeER, director, of the Institute for Fuel Geology in Freiberg, Ger- 
many, has an article on “Ein Uberblick iiber Siidamerikas Olfelder” in the 
August 6 issue of Petroleum Zeitschrift. 


Jostan BripGE has resigned from the department of geology, Missouri 
School of Mines and Metallurgy, Rolla, Missouri, to accept a position with the 
U. S. Geological Survey, Washington, D. C. 


W. Storrs Core, of Cornell University, Ithaca, New York, has an article 
on ‘The Interpretation of Intrenched Meanders,” in the July-August issue 
of the Journal of Geology. 


W. ARMSTRONG PRicE has moved his headquarters to Corpus Christi, 
Texas, to look after the interests of the Saxet Oil Company and Saxet Gas 
Company in that area. A consulting office will be maintained in the Esperson 
Building, Houston. The Corpus Christi addresses are 2021 Van Loan and 
Box 112. 


The annual meeting of the Pacific Section of the Association will be held 
November 6 and 7 at Los Angeles, California. Place of meeting will be an- 
nounced later. Part of the technical program will be devoted to a symposium 
on the origin of oil with particular reference to occurrence and source of oil 
in California fields. Other papers will include subjects on petroleum geology, 
petroleum engineering, paleontology and general geology. Such papers will 
be solicited from Association members and from non-members introduced by 
members. Subjects and abstracts for the program and time required for de- 
livery should be sent to M. G. Edwards, Shell Petroleum Corporation, 433 
Higgins Building, Los Angeles, three weeks in advance of the meeting. The 
Association has the option to publish all papers presented at this meeting. 
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PROFESSIONAL DIRECTORY 


SPACE FOR PROFESSIONAL CARDS IS RESERVED FOR ACTIVE 
MEMBERS OF THE ASSOCIATION. FOR RATES, APPLY TO 


THE BUSINESS MANAGER, 


BOX 1852, TULSA, OKLAHOMA 


CHESTER W. WASHBURNE 
GEOLOGIST 


149 BROADWAY NEW YORK 


HUNTLEY & HUNTLEY 
PETROLEUM GEOLOGISTS 
AND ENGINEERS 
L. G. HUNTLEY 
WILLIAM J. MILLARD 
J. R. WYLIE, JR. 


GRANT BUILDING, PITTSBURGH, PA. 


EDWIN B. HOPKINS 
CONSULTING GEOLOGIST 


25 BROADWAY NEW YORK 


GEO. C. MATSON 
GEOLOGIST 


614 TULSA TRUST BUILDING TULSA, OKLA. 


JAMES L. DARNELL 


ENGINEER 


420 LEXINGTON AVE. NEW YORK 


DABNEY E. PETTY 


CHIEF GEOLOGIST 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


SAN ANTONIO, TEXAS 


RALPH E. DAVIS 
ENGINEER 


GEOLOGICAL EXAMINATIONS 
APPRAISALS 


1710 UNION BANK BLDG. PITTSBURGH, PA. 


DEWITT T. RING 


GEOLOGIST 


99 NORTH FRONT ST. COLUMBUS, OHIO 


FRANK W. DEWOLF 


THE LOUISIANA LAND & 
EXPLORATION Co. 


ESPERSON BUILDING HOUSTON, TEXAS 


WILLARD W. CUTLER, JR. 


EVALUATIONS AND GEOLOGICAL 
REPORTS 


ROOSEVELT BUILDING 
LOS ANGELES, CALIFORNIA 
TUCKER 8089 
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E. DEGOLYER 


GEOLOGIST 


65 BROADWAY NEW YORK 


M. M. VALERIUS 
PETROLEUM GEOLOGIST 
PHILCADE BUILDING 


TULSA OKLAHOMA 


PHILLIP MAVERICK 
PETROLEUM GEOLOGIST 
WESTERN RESERVE LIFE BLDG. 


SAN ANGELO TEXAS 


JOHN L. RICH 


GEOLOGIST 


OTTAWA KANSAS 


STUART ST. CLAIR 


CONSULTING GEOLOGIST 


420 LEXINGTON AVENUE NEW YORK 


BROKAW, DIXON, GARNER 
& McKEE 


GEOLOGISTS ENGINEERS 
OIL—NATURAL GAS 


EXAMINATIONS, REPORTS, APPRAISALS 
ESTIMATES OF RESERVES 


120 BROADWAY NEW YORK 


JOSEPH A. TAFF 


CONSULTING GEOLOGIST 
ASSOCIATED OIL Co. 
79 NEW MONTGOMERY ST. 


SOUTHERN PACIFIC COMPANY 
65 MARKET ST. 


SAN FRANCISCO 


W. E. WRATHER 
PETROLEUM GEOLOGIST 
4300 OVERHILL DRIVE 


DALLAS TEXAS 


R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 
OKLAHOMA AND KANSAS 


LAUGHLIN-SIMMONS & Co. 


605 OKLAHOMA GAS BUILDING 
TULSA OKLAHOMA 


FREDERICK W. GARNJOST 


SPUYTEN DUYVIL 
NEW YORK CITY 


ALEXANDER DEUSSEN 
CONSULTING GEOLOGIST 


SPECIALIST, GULF COAST SALT DOMES 


1606 POST DISPATCH BUILDING 
HOUSTON, TEXAS 


FREDERICK G. CLAPP 


50 CHURCH STREET 


NEW YORK 
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Cc. MAX BAUER 
CONSULTING GEOLOGIST 


THE MIDWEST REFINING COMPANY 
RouTE 3, Box 116, BOULDER, COLORADO 


OPEN FOR LIMITED ENGAGEMENTS 


LEON J. PEPPERBERG 
CONSULTING GEOLOGIST 


COLUMBIA AND M T CORP. 
(CoLumBIA GAS AND ELECTRIC CoRP.) 


61 BROADWAY 99 NORTH FRONT STREET 
NEW YORK COLUMBUS, OHIO 


LOWELL J. RIDINGS 
GEOLOGIST 
EXAMINATIONS - APPRAISALS - FIELD PARTIES 
MEXICO AND SOUTH AMERICA 


APARTADO 344 TAMPICO 


WALTER STALDER 


PETROLEUM GEOLOGIST 
925 CROCKER BUILDING 


SAN FRANCISCO, CALIFORNIA 


L. A. MYLIUS 


PETROLEUM ENGINEER 


1711 EXCHANGE NATIONAL 
BANK BUILDING TULSA, OKLAHOMA 


BASIL B. ZAVOICO 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


501 PHILTOWER BUILDING 
TULSA, OKLAHOMA 
NEW YORK OFFICE 


11 BROADWAY 
PHONE: 4208 BOWLING GREEN 


FRED H. KAY 


PAN-AMERICAN PETROLEUM AND TRANSPORT 
COMPANY 


122 E. 42ND STREET NEW YORK 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
GEOLOGISTS 


641 MILAM BUILDING SAN ANTONIO, TEXAS 


JOHN HOWARD SAMUELL 


CONSULTING GEOLOGIST AND 
PETROLEUM ENGINEER 


1025-28 NEW MAJESTIC BUILDING 
SAN ANTONIO, TEXAS 


FIELD HEADQUARTERS 
COLEMAN, TEXAS 


H. B. GOODRICH 


PETROLEUM GEOLOGIST AND ENGINEER 


1628 SOUTH CINCINNATI AVENUE 
TELEPHONE 2-8228 


TULSA OKLAHOMA 


CHARLES T. LUPTON 


CONSULTING 
GEOLOGIST 


FIRST NATIONAL BANK BUILDING 
DENVER, COLORADO 


J. E. EATON 
CONSULTING GEOLOGIST 
FOREIGN AND DOMESTIC FIELD PARTIES 


628 PETROLEUM SECURITIES BUILDING 
LOS ANGELES CALIFORNIA 
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J. P. SCHUMACHER 
R. Y. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


TORSION BALANCE SURVEYS 


PHONE: PRESTON 7315 
730-32 POST DISPATCH BUILDING 


HOUSTON TEXAS 


W. G. SAVILLE 
A. C. PAGAN 


CARROLL H. WEGEMANN 
CHIEF GEOLOGIST 


PAN-AMERICAN PETROLEUM AND 
TRANSPORT COMPANY 


122 EAST 42ND STREET 
NEW YORK 


G. JEFFREYS 
CONSULTING GEOLOGIST 
PHONE JOHN 2584 


80 MAIDEN LANE NEW YORK 


PAUL P. GOUDKOFF 
GEOLOGIST 


GEOLOGIC CORRELATION BY FORAMINIFERA 
AND MINERAL GRAINS 


1222-24 SUBWAY TERMINAL BUILDING 
LOS ANGELES, CALIFORNIA 


HARRY W. OBORNE 


GEOLOGIST 


420 EAST SAN RAFAEL ST. 
COLORADO SPRINGS 
PHONE MAIN 1189 


309 EAST OLIvE ST. 
LAMAR, COLO. 
PHONE 303 


ARTHUR L. HAWKINS 


CONSULTING GEOLOGIST 


FOREIGN AND DOMESTIC EXPLORATIONS, 
EXAMINATIONS, AND APPRAISALS 


CONTINENTAL OIL BUILDING 


DENVER, COLORADO 


F. B. PORTER 
PRESIDENT 


R. H. FASH 
VICE-PRESIDENT 


THE FORT WORTH 
LABORATORIES 


ANALYSES OF BRINES, GAS. MINERALS, 
OIL. INTERPRETATION OF WATER ANAL- 
YSES. FIELD GAS TESTING. 


82814 MONROE STREET FORT WORTH, TEXAS 
LONG DISTANCE 138 


DONALD C. BARTON 


CONSULTING GEOLOGIST AND 
GEOPHYSICIST 


SPECIALIST ON EOTVOS TORSION BALANCE 
717 PETROLEUM BUILDING 
HOUSTON TEXAS 


: 
q 


Bulletin of The American Association of Petroleum Geologists, September, 1930 


DIRECTORY OF 
GEOLOGICAL SOCIETIES 


FOR THE INFORMATION OF GEOLOGISTS VISITING 
LOCAL GROUPS. FOR SPACE, APPLY TO THE BUSI- 
NESS MANAGER, BOX 1852, TULSA, OKLAHOMA 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 


PRESIDENT - - VICTOR COTNER 
COLUMBIAN CARBON COMPANY 


FIRST VICE-PRESIDENT JAMES D. THOMPSON, Jr. 
ROOM 3, AMARILLO NATIONAL BANK BUILDING 


SECOND VICE-PRESIDENT - - J.V. TERRELL 
GULF PRODUCTION COMPANY 
SECRETARY-TREASURER - WILLIAM B. HOOVER 


HUMBLE OIL AND REFINING COMPANY 


MEETINGS: FIRST AND THIRD FRIDAY NOONS, EACH 
MONTH. PLACE: LONG HORN ROOM, AMARILLO HOTEL 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


PRESIDENT - - - - JAMES P. BOWEN 
PANHANDLE REFINING COMPANY 


VICE-PRESIDENT - - WILLIAM J. NOLTE 
218 HAMILTON BUILDING 


SECRETARY-TREASURER - - A. M. LLOYD 
SUN OIL COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15PM 
PLACE: WICHITA CLUB, NATIONAL BUILDING 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


PRESIDENT - - ° FRANK R. CLARK 
MID-KANSAS OIL & GAS COMPANY 

1ST VICE-PRESIDENT - - - IRA H. CRAM 
PURE OIL COMPANY 

2ND VICE-PRESIDENT - - T. E. WEIRICH 
TIDAL OIL. COMPANY 

SECRETARY-TREASURER - - E. A. MARKLEY 

BARNSDALL OIL COMPANY 


MEETINGS: FIRST AND THIRD MONDAYS, EACH MONTH, 
FROM OCTOBER TO MAY, INCLUSIVE, AT 8:00 P. M., 
FOURTH FLOOR, TULSA BUILDING. LUNCHEONS: EVERY 
THURSDAY. FOURTH FLOOR, TULSA BUILDING. 


KANSAS 
GEOLOGICAL SOCIETY 


WICHITA, KANSAS 


PRESIDENT - - - JOHN L. GARLOUGH 
612 BROWN BUILDING 
VICE-PRESIDENT ANTHONY FOLGER 
GYPSY OIL COMPANY 
SECRETARY-TREASURER - - PERRY R. HANSON 
708 BROWN BUILDING 


REGULAR MEETINGS, 12:30 P. M., AT INNES TEA ROOM, 
THE FIRST SATURDAY OF EACH MONTH. VISITING 
GEOLCGISTS ARE WELCOME. 


THE KANSAS GEOLOGICAL SOCIETY SPONSORS THE 
WELL LOG BUREAU WHICH IS LOCATED AT 412 UNION 
NATIONAL BANK BUILDING. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


PRESIDENT - - - - M. W. GRIMM 
TIDAL OIL COMPANY 
315 WARD BUILDING 
VICE-PRESIDENT - - DORCHESTER 
GULF REFINING COMPANY 
ARDIS BUILDING 
SECRETARY-TREASURER - W. F. CHISHOLM 


HALLIBURTON OIL WELL CEMENTING COMPANY 
526 RICOU-BREWSTER BUILDING 


MEETS THE FIRST FRIDAY OF EVERY NONTH, ROOM 
605, SLATTERY BUILDING. t EVERY 
NOON, WASHINGTON HOTEL. 


HOUSTON 
GEOLOGICAL SOCIETY 


HOUSTON, TEXAS 


PRESIDENT - - - - GEORGE SAWTELLE 
KIRBY PETROLEUM COMPANY 


VICE-PRESIDENT - - - - J. BRIAN EBY 
SHELL PETROLEUM CORPORATION 


SECRETARY-TREASURER - JOHN F. WEINZIERL 
PETROLEUM BUILDING 


REGULAR MEETINGS, EVERY TUESDAY AT NOON AT THE 
UNIVERSITY CLUB. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 
SECRETARY. 
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DALLAS 
PETROLEUM GEOLOGISTS 


DALLAS, TEXAS 


CHAIRMAN - - - - - H. B. HILL 
U. S. BUREAU OF MINES 
VICE-CHAIRMAN - - - F. E. KENDRICK 
LONE STAR GAS COMPANY 
SECRETARY-TREASURER - - - T. K. KNOX 
TEXLA ROYALTY COMPANY 


MEETINGS: LUNCHEON AT 12:15, BAKER HOTEL,SECOND 
MONDAY OF EACH MONTH. TECHNICAL MEETINGS. 7:45 
P. M., HYER HALL, SOUTHERN METHODIST UNIVERSITY, 
LAST MONDAY OF EACH MONTH. VISITING GEOLOGISTS 
ARE WELCOME AT THE MEETINGS. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO, TEXAS 


PRESIDENT - - - - R. E. RETTGER 
SUN OIL COMPANY, SAN ANGELO 
VICE-PRESIDENT - - - GEORGES VORBE 
TEXAS PACIFIC COAL AND OIL COMPANY, MIDLAND 
SECRETARY-TREASURER - - R. L. CANNON 
CANNON AND CANNON, SAN ANGELO 
MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 


Pp. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


PRESIDENT - - - OSCAR HATCHER 
GYPSY OIL COMPANY 


VICE-PRESIDENT - - CLIFFORD W. BYRON 
STATE NATIONAL BANK BUILDING 


SECRETARY-TREASURER - Ss. W. HOLMES 
EMPIRE OIL. AND REFINING COMPANY 
MEETS THE FOURTH MONDAY NIGHT OF EACH MONTH 


AT 7:00 P. M., AT THE ALDRIDGE HOTEL. VISITING 
GEOLOGISTS WELCOME. 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 


DENVER, COLORADO 


PRESIDENT - - - J. HARLAN JOHNSON 
COLORADO SCHOOL OF MINES 

GOLDEN, COLORADO 

VICE-PRESIDENT - - JUNIUS HENDERSON 
CURATOR OF THE MUSEUM 

BOULDER, COLORADO 

VICE-PRESIDENT - - - c. E. DOBBIN 
212 CUSTOM HOUSE, DENVER, COLORADO 
SECRETARY-TREASURER - W. A. WALDSCHMIDT 
MIDWEST REFINING COMPANY, DENVER, COLORADO 


LUNCHEON MEETINGS, FIRST AND THIRD THURSDAYS OF 
EACH MONTH, 12:15 P.M. AUDITORIUM HOTEL. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


PRESIDENT - - - CHARLES E. YAGER 
TEXAS PACIFIC COAL AND OIL COMPANY 


VICE-PRESIDENT W. W. PATRICK 
THE TEXAS COMPANY 


SECRETARY-TREASURER M. F. BOHART 
THE PURE OIL COMPANY 


MEETINGS. EVERY MONDAY NOON AT THE TEXAS HOTEL 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 


OKLAHOMA CITY, OKLAHOMA 


PRESIDENT - - - - J. T. RICHARDS 
GYPSY OIL COMPANY 


VICE-PRESIDENT - ROBERT M. WHITESIDE 


SHELL PETROLEUM CORPORATION 


SECRETARY-TREASURER - - R. D. JONES 
SHELL PETROLEUM CORPORATION 


MEETINGS: SECOND MONDAY, EACH MONTH, AT 7:30 
P.M., 9TH FLOOR ¢ Ex: BUILDING. 


LUNCHEONS: EVERY SATURDAY AT 12:15 P. M., STH 
FLOOR, COMMERCE EXCHANGE BUILDING. 


VISITING GEOLOGISTS ARE WELCOMETOALL MEETINGS. 
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Spots “highs” in 1,000 
acres = drills produc- 
er = total cost $9,000. 


That was the experience of a large com- 
pany operating in Western Canada, using 
a Sullivan Structure Drill. 


Obviously, for the oil operator the real 
money-making possibilities in structure 
drilling are in the exploration work. A 
few inexpensive holes made with struc- 
ture drills indicate the possibilities of new 
land quickly, so that only promising leases 
need be held. Then, in developing favor- 
able tracts, structure drills will map the 
key bed and determine positively the likely 
spots for wells. 


Hundreds of thousands of dollars in wild- 
cats are saved annually by testing struc- 
ture with Sullivan Core Drills. 


It is interesting to note, however, on this 
Canadian job, that a Sullivan Core Drill 
brought in a well economically—due to 
its ability to drill any formation rapidly 
as encountered. The strike came at 2,002 
feet. 


Profitable suggestions for you are contained 
in the new Sullivan Booklets 85-H and 
85-K. Send for free copies to-day. 


SULLIVAN CORE DRILLS 


Protect Oi) Investments 


SULLIVAN 


412 North Michigan Avenue 


CHICAGO 
GEO. E. FAILING, Agent for Oklahoma 
and Kansas 
Enid - Wichita 
New York St.Louis Enid Dallas Denver 
San Francisco Spokane London 


Announcing 
THE GEOLOGY OF 
VENEZUELA AND TRINIDAD 
By 
Ralph Alexander Liddle 


A Systematic Treatise on 
the physiography, stratigraphy, general 
structure, and economic geology of the 
United States of Venezuela and the British 
Island of Trinidad. The first comprehensive 
work on the geology of Venezuela. 


xxxix + 552 pages, 6 by 9 inches, 169 half- 
tones and 24 sections and maps. 


Formations from Archeozoic to Recent are named, 
described, correlated, and mapped. All important 
mineral deposits are discussed. Special reference is 
made to producing oil fields. Their location, general 
structure, depth to and character of producing sands, 
ey of oil, and amount of production are given. 
he book is designed to be of especial assistance to 
petroleum geologists and oil operators as well] as to 
those interested in the more academic side of strati- 
graphy, structure, and paleontology. Contains a 
a of all important geologic works on Ven- 
ezuela and Trinidad. Bound in cloth; gold title. 


PRICE, POSTPAID, $7.50 
Order from J. P. MacGowan 
Box 1007 Fort Worth, Texas 


Annotated Bibliography 
of Economic Geology 


SPONSORED BY THE 
NATIONAL RESEARCH COUNCIL 


Covers articles on all metallic and non- 
metallic deposits (including petroleum and 
gas), hydrology, engineering geology, soils 
(in so far as related to geology), and all 
subjects that have any bearing on economic 
geology. 

The collection of the titles and the 
preparation of the abstracts is under the 
direction of Mr. J. M. Nickles. 

The bibliography covering 1928 is a single 
volume of 380 pages containing 1756 entries. 
In succeeding years, however, two volumes 
of about 200 pages each will be published 
at intervals of about six months. The vol- 
ume for the first half of 1929 is now in 
the press. It is expected to be ready for 
mailing by March 15th. 

The price of the Bibliography is $5.00 
per year, or $3.00 for each of the semi- 
annual numbers. 


Kindly send orders to 


ECONOMIC GEOLOGY 
Urbana, Illinois, U. S: A. 


Be sure to mention the BuLLETIN when writing to advertisers 
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Well 


AAAAWE carry in 
stock, ready for immediate 
delivery, six different well 


logs printed on either heavy 
ledger paper or government 


post card stock, in depths 
ranging from 3,000 to 4,500 


feet. A Prices and samples 
of these logs sent on request. 


 MID-WEST PRINTING CO. 


wy 


PRINTERS OF THE A.A.P.G. BULLETIN 


¥ BOX 1465 ¥ TULSA, OKLA. ¥ 


MBA 


The Petroleum Geologist’s IDEAL 
for LOW POWER, LARGE AND WIDE FIELD 


SPENCER NEW MODELS. 
Universal Binocular Microscopes 


Multiple Nosepiece 


A new, original, patented objective changer which carries three 
pairs of low-power objectives and revolves like an ordinary 
nosepiece. The objectives may be removed instant- 
ly and others substituted. 


The objectives on the nosepiece are dust proof and 
the worker can easily get to them to clean them. 


NEW—ORIGINAL—BETTER 
——— New Catalog M-35 features it 


SPENCER LENS COMPANY 


Manufacturers SPENCER 
Mi s, Microtomes, Delin: cal 
BUFFALO, N. Y. 


New York Boston Chicago San Francisco Washington Minneapolis Los Angeles 


Be sure to mention the BULLETIN when writing to advertisers 
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JOURNAL OF PALEONTOLOGY 


A publication devoted to scientific papers on paleontology and sedimentary petrography 
with special reference to new researches in micro-paleontology and descriptions of foss.'s 
important for the identification and correlation of oil-field formations. Sekt 

Published four times a year by the Society of Economic Paleontologists and Mineralo- j ' 
gists, a Division of The American Association of Petroleum Geologists. 4 


Raymonp C. Moore, Editor 
University of Kansas, Lawrence, Kansas 


Volume IV now in press. Volume III contains 436 pages, 44 plates of fossils, numerous 
text figures, and diagrams. 

The Journal of Paleontology is a helpful handbook to the student of paleontology and a 
necessary addition to every scientific library. 

Subscription price, or Society dues including subscription, is $6.00 per year ($2.00 for 
single numbers). Members or associate members of The American Association of Petroleum 
Geologists in good standing who are engaged in stratigraphic studies as applied to petroleum 
geology are eligible for membership in the Society. A remission of $2.00 is made on the dues 
of such members, thus permitting them to secure the Journal for $4.00 in addition to Asso- 7 
ciation dues. Paleontologists and stratigraphers who are not members of the Association are ify 4 
eligible for associate membership in the Society. The dues, including subscription to the - 


Journal, are $6.00 per year for associate members. 


Address all communications regarding subscriptions to Gayle Scott, secretary-treasurer, Texas aie 
Christian University, Fort Worth, Texas. 


Back numbers, as far as they are in stock, for sale at Association Headquarters, A. A. 4 
P. G., Box 1852, Tulsa, Oklahoma. . 


Verlag von Gebriider Borntraeger in Berlin W 35 (Deutschland) 


Lehrbuch der Geophysik herausgegeben von Prof. Dr. B. Gutenberg. Mit 412 
Abbildungen im Text u. 2 Tafeln (XX u. 999 S.) 1929 Gebunden 80 RM 


> 


H and b uc h de I 6 e0 p h ys j + herausgegeben in Verbindung mit zahlreichen Mitarbeitern 
von Prof. Dr. B. Gutenberg. 


Band 4, Lieferung 1-2: Theorie der Erdbebenwellen; Beobachtungen; Bodenunruhe ae 
von Prof. Dr. B. Gutenberg.—Seismometer, Auswertung der df 
Diagramme von Dr. Berlage.—Geologie der Erdbeben von Reg.- 
Rat Prof. Sieberg. Mit 401 Abb. (685 S.) 1929-30. Einzelpreis (bei fie. 
Bezug von Band 4). Geheftet 70 RM ba 
Subskriptionspreis (bei Bezug des ganzen Werkes) Geheftet 52 RM ge 


Sammlung geophysikalischer Schriften von Professor Dr. Carl Mainka ie. 


Heft 9: Einfiithrung in die atmosphiarische Elektrizitaét von Prof. Dr. K. Kihler. 
Mit 16 Figuren (VIII und 244 Seiten) 1929. Subskriptionspreis geh. 17.60, Einzel- 
preis 23.40 RM 

Heft 10: Die gravimetrischen Verfahren der angewandten Geophysik von Prof. Dr. 
Hans Haalck. Mit 84 Textfiguren (VIII und 205 S.) 1930. Subskriptionspreis 
geh. 16.80 RM Einzelpreis 22.40 RM 

Der Subskriptionspreis versteht sich nur bei Abnahme der ganzen Sammlung. yt 


Ausfiihrliche Verlagsverzeichnisse kostenfrei 
(Detailed list of publications will be sent free) 


Be sure to mention the BULLETIN when writing to advertisers 
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U. S. GeoLocicaL SuRVEY 
FOR SALE Bulletins 600-799, Complete - - $175.00 


OF Prof. Paper 46, Veatcn, Geology and Underground Water of Novthera 


Louisiana and Southern Arkansas - - - 15.00 

Sidney Powers Ann. Rept. 21, Pt. 7, Hit, Black and Grand Prairies, Texas - - - - 15.00 

P. O. Box 2022 Bull. 420, Harris, Oil and Gus in Louisiana - - - - - - - 15.00 
Tulsa, Oklahoma (Prices net) ALSO OTHER RARE ITEMS 


PETTY GEOPHYSICAL ENGINEERING COMPANY, INC. 
706 Travis Building San Antonio, Texas . 


Experienced seismograph crews available for consulting work. Only latest equipment and 
methods used. 

Geophysical departments established for oil companies. Complete seismograph, radio, and 
blasting equipment carried in stock, sold only in connection with establishing departments. 


THE KELLY MAP COMPANY 
Ou Maps -- Base Maps ror GEOLOGICAL CoMPILATIONS AND REPORTS PRinTING 


Our Service Covers---Oklahoma, Texas, Kansas, New Mexico, Arkansas, 
Louisiana, Colorado, Wyoming, and Montana 


319 South Boston Ave. TULSA, OKLAHOMA P. O. Box 1773 


OIL FIELD MAPS | 
HEYDRICK MAPPING COMPANY 


WICHITA FALLS, TEXAS 


FIELD STATIONERY COMPANY 
Complete Office Outfitters 
612 South Main TULSA Phone 3-0161 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 

Mid-Continent Representative for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 

12 West Fourth St. Phone 9088 Tulsa, Okla. 


NATIONAL PETROLEUM ENGINEERING COMPANY 


Engineers and Geologists 
TULSA, OKLAHOMA 


APPRAISALS SURVEYS 
REPORTS - COMMERCIAL and TAX ESTIMATES OF OIL RESERVES 


Be sure to mention the BuLLeTIN when writing to advertisers 
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EXCHANGE BANKS OF TULSA 


BANK The Exchange “= Fychan ceed $5,000,000 
and Resources 
National Bank Trust Com 
COMPANY ‘The Oil Banks of America’’ $70,000,000 


OIL STRUCTURE PROSPECTING 
SWEDISH AMERICAN PROSPECTING CORPORATION 


26 BEAVER ST., NEW YORK 


2608 BALDWIN ST., HOUSTON, TEXAS 


Surveys by Sundberg electro-magnetic method give close detail on 
faulted or folded structure. 


GREAT PLAINS REPORT FOR SALE » » » 


U. S. G. S. Professional Paper Number 32, “’Geol- 
ogy and Underground Waters of the Great Plains” * 


Perfect Copy For Sale » » » Address N. H. BROWN, Lander, Wyoming 


Speed- Simplicity- Sensitivity 


HOTCHKISS SUPERDIP 


For Magnetic Exploration 
Address 
W. C. McBRIDE, INC. 
704 Shell Bidg., St. Louis, Mo. 


Geological and geomagnetic surveys conducted 
under the direction of Dr. Nort H. STERN. 


‘ 


We Look into the Earth 


by using the Diamond Core Drill and bring- 
ing out a core of all strata so that it can be 
examined and tested. 


Shallow holes to determine structure can be 
drilled at low cost. 


Core drill can be used to complete test that 
has failed to reach desired depth. In many 
places “wild cat” wells can be drilled with 
the core drill at a fraction of the cost for 
large hole, and the core shows nature and 
thickness of oil sands. 


PENNSYLVANIA DRILLING CO. 
Pittsburgh, Pa. 


CORE DRILLING CONTRACTORS 
Cable Address PENNDRILL, Pittsburgh 
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VOLUME I 
1929 


Condensed Table of Contents, showing fields, by states 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDI- 
ANA: Tri-County. KANSAS: Fairport, Coffeyville, Rainbow 
Bend, Nemaha Mountains. KENTUCKY: Eastern Coal Field. 
LOUISIANA: Urania. MICHIGAN: Saginaw. NEW MEXI- 
CO: Artesia. OHIO: Eastern. OKLAHOMA: Morrison, Mer- 
vine, Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey 
Mountain, Burbank, Glenn. TENNESSEE: Tinsleys Bottom, 
Celina, Spurrier-Riverton, Sumner County, Spring Creek, Glenmary, 
Bone Camp. TEXAS: Luling, Westbrook, Wilbarger County, 
Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


39 authors, each familiar with his particular field. 510 pp., 190 illus. 
Cloth. 9X6 inches. Price, postpaid, $5.00. To A.A.P.G. members, 
$4.00. To public libraries and educational institutions, $4.00. 
Recommended to the geology departments of colleges and universities. 


Order Your Copy Now 
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VOLUME II 
1929 


Condensed Table of Contents, showing fields, by states 


ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ven- 
tura Avenue, Elk Hills, Long Beach. COLORADO: Florence, 
Northwestern. ILLINOIS: Centralia, Sandoval, Martinsville. 
KANSAS: Virgil, Madison, El Dorado. LOUISIANA: Caddo, 
Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: 
Cattaraugus, Allegany, and Steuben Counties. OKLAHOMA: 
Hewitt, Cromwell, Seminole, Delaware Extension, Depew, Cush- 
ing. PENNSYLVANIA: Bradford, Scenery Hill. TEXAS: West 
Columbia, Stephens County, Yates, Big Lake, Petrolia, Smith- 
Ellis. WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 
Creek. WYOMING: Elk Basin, Salt Creek, Lance Creek, Rock 
Creek, Grass Creek, Lost Soldier. SUMMARY: Role of Struc- 
ture in Oil Accumulation. INDEX. 


45 authors, each familiar with his particular field. 780 pp., 235 
illus. Cloth. 9X6 inches. Price, postpaid, $6.00. ToA.A.P.G. 
members, $4.00. To public libraries and educational institu- 
tions, $4.80. Recommended to the geology departments of colleges 
and universities. 
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Order Your Copy Now 
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The Six Latest A. I. M.E. Petroleum 


Volumes at an Unusual Price 


Question: “Why buy these volumes? I'll order separates of the papers I want.” 
Answer: There aren’t any separates of papers published as pamphlets (the Institute 
papers have been called TECHNICAL PUBLICATIONS since July 1, 1927); you 
may find a few papers in T. P. form. Possibly 70 per cent of the contents of the 
Petroleum Development and Technology series was published for the first time in the 
volume, and photostats of one paper sometimes cost almost as much as an entire volume. 


The American Institute of Mining and Metallurgical Engineers, 
29 W. 39th Street, New York 


(1) Production of Petroleum in 1924, 247 pages, cloth bound $2.50 
() Petroleum Development and Technology in 1925, 784 pages, cloth bound..............-.--- 5.00 
oO Petroleum Development and Technology in 1926, 956 pages, cloth bound.................... 5.00 
[[] Petroleum Development and Technology in 1927, 844 pages, cloth bound... — 
() Petroleum Development and Technology, 1928-29, 622 pages, cloth bound.............--.-- 5.00 
(] Transactions, Petroleum Development and Technology, 1930, 610 pages, cloth bound 5.00 

Entire set at special combination $22.00 
Foreign Postage $0.40 per volume additional. 


(Please include remittance with order) 
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Reliable and 


Progressive 


Exclusive News « 


Instructive Features 


Place Your Order TODAY 


Please fill in following and drop in 
post office immediately; then you will 
receive copies of all special issues 


Ghe Orr ana GAS JOURNAL 
TULSA, OKLA. 


Send me The Oil and Gas Journal for one year. Upon receipt of 
first copy | will remit $6.00. 
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Perfection 
Core Barrel 


—will take a 20-foot core 

when you want it. The 

“split liner” permits the 

7 f Bm | than 80% of the removal of each core— 

cme | nent field, and hun- 


dreds of others else- 
where. 


The 
Brewster 
Shouldered 
os Tool Joints off” going into 


the hole. 


COMPANY +INC 


SUCCESSORS TO On CiTY WORKS INC 


Shreveport,Louisiana 


Write or wire today for catalog 
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A Subscriber Writes: 


“‘I wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- 
scribe sooner.’’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to -your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 
order blank—NOW. 


The OIL WEEKLY 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 


(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for us to 
hold up entering your subscription until we can get this information from you.) 


Be sure to mention the BULLETIN when writing to advertisers 
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THAT STRUCTURE MAP? 
THAT TABLE OF FORMATIONS? 


You Want Reliable Information 
WAS IT PUBLISHED IN THE BULLETIN? 
Don’t Waste Time and Energy 


Get the Bulletin Index N ow 


As Useful as a Compass 


Complete detailed cross reference key to Vols. 1-10 of the Bulletin. This is 
not a list of papers; it is a complete working index. 


Price, $2.00, Postpaid 


The American Association of Petroleum Geologists 
Box 1852 Tulsa, Oklahoma 


A Microscope \ 


for 
Every Petrographer 


Three models of B & L Petrographical Microscopes 
make available a microscope suited to the requirements 
of every petrographer. The complete line consists of— 


The LA—for Students 
The LCH—for Laboratory Workers 
The LD—Completely equipped for Research 


Each instrument in this series is fully equipped to take 
care of every need in the particular field to which it is 
adapted. 


Write for literature describing 


BAUSCH & LOMB 
Petrographical Microscopes 


BAUSCH & LOMB OPTICAL CO. 
669 St. Paul St., Rochester, N. Y. WA, 
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CONTRACTS TAKEN FOR 
TORSION BALANCE 


and 


MAGNETOMETER SURVEYS 
in Collaboration with 


DONALD C. BARTON 
Consulting Geologist and Geophysicist 


George Steiner 


CONSULTING GEOPHYSICIST 


Sole American Representative: 


Suss Torsion Balances 
Original Eotvés Visual 
Eétvés Rybar Automatic 


Petroleum Building 
Houston, Texas 


Be sure to mention the BULLETIN when writing to advertisers 
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The Geologist’s Time » » | 
« « IS VALUABLE Time 


When he is wanted, he is wanted in a hurry, 
and if he is not there he is holding up the works. 
SPEED COUNTS! 


The Oil and Air Capital of the World, the home of the 
A.A.P.G. and of the International Petroleum 
Exposition, is also the home of the 


WORLD'S BUSIEST AIRPORT 


This combination of attractions and advantages makes Tulsa the ideal 
place for the geologist to live and have his offices. 


Write for descriptive literature to 


TULSA CHAMBER OF COMMERCE 
TULSA, OKLAHOMA 


Be sure to mention the BULLETIN when writing to advertisers 
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‘‘T have used one of your Paulin Altimeters dur- 
ing extensive field work in California... Trying 
to compare the Paulin altimeters with the old 
standard aneroid, one seems to be at a loss be- 
cause there simply is no comparison. The Paulin 
Altimeter seems to me in every respect so far 
superior that I can frankly state 
that no other aneroid can come in- 

to consideration where quick and 
reliable readings are required. ’’ 


J. Van Der Gracht, Geologist 


Marland Oil Co., San Francisco 


= 
ae \ “*t oP Practically all leading oil companies are using the 
Paulin Altimeter in running preliminary field sur- 
he | 
veys. 


They report it cuts their cost in half—or more! 
One man can run off 5 to 20 locations an hour— 
with an accuracy exceeded only by the precise level 
and transit. 


As an engineer you can increase your efficiency 
and the value of your time with a Paulin. You can 
do, in a few hours, work that would take days with 
ordinary survey equipment. Mail coupon for free 
booklet. 


| 
The American Paulin System, Inc., l 
Dept. PG-3, 1220 Maple Ave., Los Angeles, Calif. 
Send me free “Altimetry Manual” and information 1 
about Paulin Altimeters. | 
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One of the 

Most Complete 
Laboratories in the 
Industry Protects the 
High Standard of Quality 
of » » » 


HUGHES 
TOOLS 


Vv Hughes Rock Bits 
Vv Hughes Core Bits 
Vv Hughes Tool Joints 
Vv Hughes Valves 


( | 
Everywhere 


Hughes Tool Company 


Main Office and Plant 
HOUSTON - TEXAS 


SERVICE PLANTS EXPORT OFFICES 
Los Angeles Woolworth Building 
Oklahoma City New York City 


Be sure to mention the BULLETIN when writing to advertisers 


